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SYNCHROTILT CHAIR WITH ADJUSTABLE SEAT, BACK
. AND ENERGY MECHANISM
BACKGROUND

The | present invention concerns chairs having a reclineable back, a forwardly
movable/tiltable seat that moves with a synchronous movement as the back is reclined, and an
adjustable energy mechanism for supporting the back during recline.

A synchrotilt chair is described in U.S. Patent Nos. 5,050,931; 5,567,012; 4,744.603;
and 4,776,633 (to Knoblock et al.) having a base assembly with a control, a reclineable back
pivoted to the control, and a seat operably mounted to the back and control for synchronous
motion as the back is reclined. This prior art chair incorporates a semi-rigid flexible shell that,
in combination with the chair sufiport structure, provides a highly-controlled postural support
during the body movements associated with tasks/work (e.g., when the back is in an upright
position) and during the body movements associated with recline/relaxation (e-8-, when the
chair is in a reclined position). This prior art chair moves a seated user's upper body away
from the user's work surface as the user reclines, thus providing the user with more area to
stretch. However, we have di_;scovered that often users want to remain close to their work
surface and want to continue to work at the work surface, even while reclining and relaxing
their body and while having continued postural support. In order to do this in the synchrotilt
chair of U.S. Patent No. 5,050,931, users must scoot their chair forwardly after they recline so
that they can still easily reach their work surface They must also push away when the» move
back to an upright position to avoid being pushed against their work surface. "Scooting” back

and forth once or twice is perhaps not a serious problem, but often users, such as office

‘workers using computers, are constantly moving between upright and rechned positions. such

that the process of repeatedly scooting back and forth becomes annoying and dnsconcernnc' In
fact, moving around and not staying in a single static position is important to good back health
in workers whose jobs require a lot of sitting. .

Another disadvantage of moving a seated user's upper-' body sigrﬁﬁ'cahtl'y rearwardly
upon recline is that the user's overall center of gravity moves rearward. By providing a more
constant center of gravity, it is possible to design a reclineable chair having greater recline or
height adjusmment without sacrificing the 6véra11 stability of the chair. Also, reclineable chairs
that move a seated user's 'uppei body signiﬁcantliy rearwardly have a relatively large footprint,

such that these chairs may bump into furniture or a wall when used in small offices or in a
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compact work area. Stiil another disadvamaée is that large springs are required in these
existing reclineable chairs for back support, which springs are difficult to adjust due to the
forces generated by the springs. However, the tension of thése springs preferably should be
adjustable so that heavier and lighter weight users can adjust the chair to provide a proper
amount of support. )

Concurrently, seated users want to be able to easily adjust the spring tension for
providing support to the back during recline. Not only do heavier/larger people need
greater/firmer back support than lighter/smaller people, but the amount of support required
changes at a greater rate during recline. Specifically, lighter/smaller people need a lesser initial
level of support as they begin to recline and need a moderately increased level of support as.
they continue to recline; while héaviérllarger "people need a signiﬁcantly higher minimum initial
level of support as they begin to recline and need a significantly increased level of support as '
they continue to recline. Restated, it is desirable to provxde a chair that is easily adjustable m_

- its initial level of support to the back during initial recline and that automatlcally also adjusts the

rate of increase in support during recline. Further, it is desirable to provide a mechanism to

~allow such an easy adjustment (1) while séa_ted; (2).by a relatively weaker person; (3) using

easily manipulatable adjustment controls; and (4) while doing so with a control that is not easily
damaged by a relatively strong person who may “overtorque” the control. Purther; a'compact
spring arrangement is desired to provide optimal appearance and to minimize material cost and
part size. _

Mamufacturers are becoming increasingly aware that adequate lumbar supi:ort is very
important to prevent lower back discomfort and_distres_s in workers who are seated for long
periods. A problem is that the spinal shape and body shﬁpe of Qorkers vary tremendously,
such that it is not possible to satisfy all workers with the same shape. Further, the desired level
of firmness or force of support in the lumbar area is different for each person and may vary as
a seated user performs different tasks and/or reclines in the chair andlor becomes fatigued. In

fact, a static lumbar support is undesirable. Instead, it is desirable to prov1de different lumbar

shapes and levels of support over a work day. Accordingly, an adjustable lumbar system is

desired that is constructed to vary the shape and force of lumbar support. At the same time, the
adjustable lumbar system must be simple and easy to operate, easily reached while seated,
mechanically non-complex and low cost, and aesthetically/visually pleasing. Preferably,



10

15

20

25

30

WO 99/21456 ' _ PCT/US98/22047

adjustment of the shape and/or force in the hunbar area should not result in wrinkles in the
fabric of the chair, nor unacceptable loose/saggy patches in the fabric. -

Modern customers and chair purchasers demand a wide variety of chair options and
featres, and a number of options and fcamfes are often désigned into chair seats. However,
improvement in seats is desired so that a seated user's weight is adequately supported on the
chair seat, but simuitaneously so that memt“high area of a s;eated user is comfortably, adjustably
supported in-a manner that adequately allows for major differences in the shape and size of a
seated user's buttocks and thighs. Additionally, it is important that such options and features be
incorporated into the chair construction in a way that minimizes the number of parts and
maximizes the use of common parts among different options, maximizes efficiencies of
manufacturing and assembling, maximizes ease of édjusunent and the logicalness of adjusmment
control positioning, and yet that results in é visually pleasing design.

More specifically, in regard to synchrotilt chairs where the seat and the back pivot with
synchronized angular movement;s, many synchrotilt chairs have been designed to pivot seats
rearwardly as a user reclines. However, often these known seat constructions pivot about a
seat pivot axis located rearward of a front edgé of the seat. The result is that the knees of 2
seated user are lifted, r_cSnﬂting in undesired pressure on the seated user's thighs upon recline.
Designing a flexible front lip into the seat does not fully resolve the undesired thigh pressure
-since the thighs are not suﬁported only at a front lip of the seat, but instead are supported along
at least about balf of the seat. Locating a flexible zone substantially rearwardly in a seat, such
as rearward of the hip joint of a seated user, alé_o dbes not resolve the situation since the weight
of a seated user's upper torso tends to cause a seated user to slip/slide downwardly and
forwardly off of a chair back when the chair back is reclined. This in wrn causes the seated
user to slide forward and off of the seat unless the seat includes a rear zone shaped and oriented
to Support the seated user against such forward slip/slidg' movement. The problem is
compounded by the fact that the hip joint of different seated user's are not always located in the
same relative location on the chair seat, such that one seat design may work well for one seated
user, but not for another seated user.

Reclineable chairs have gained wide and enthusiastic support in the chair industry.
Reclineable chairs often include a back frame pivoted by back pivots to opposite sides of a base
or control housing to define a back-tilt axis. A problem is that the back pivots do not always
align perfectly with the back-tilt axis. This misalignment can be a result of the back pivots
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being skewed at an angle to the back-tilt axis, or from the back pivots being parallel to the
back-tilt axis but non-aligned with i, or from the back pivots changing orientation s a persoi
sits in the chair or reclines in the chair. Anctremﬂtxsthat during recline of the back, at least N
one chair component must flex and mechanically give to prevent binding. Typically, either the
control housing or back frame structure deforms, and/or the bearing is sloppy enough to
compensate for the misalignment. - If the deformation is large emough or if the chair
components are not designed for such flexing, one of the chair components may break, fail, or
fracture over time due to cyclical fatigue failure. Anotﬁer problem is that bearings of the back
pivots will rapidly wear from the high forces generated by the misalignment. This results in
looseness in the back, which can be objecnonable in some situations. Similar problems can .
occur in synchrotﬂt chairs where a seat has spaced apart seat pivots that do not accurately align
with a seat-tilt axis. It is noted that seat pivots must also support a large portion of the weight
ofa seated user, thus adding to their stress level _ , _

Another problem with known back pivots for chaus is that they can be cumbersome to
assemble and/or mammally intensive to assemble, as well as expensive, since holes must be
aligned to receive pivot pins/axies, and the pivot pms/axles must be adequately but not overly
tightened and secured. Specifically, during securement, the pivot pins/axles cannot be
overtorqued or the assemblj will bind, and also canhot be undertorqued or the assembly will be.
unacceptably loose and prone to come apart.

Along with the above requirements, any back pivots and seat pivots must be integrated
into the chsir construction to provide an acceptable appearance, since they are often located in 2
highly visible area of a chair. E

A'ccordingly', a chair construction sslving'the aforementioned problems is desired.

' SUMMARY OF INVENTION

In one aspect of the present invention, a chair includes a base assembly with a control
housmg having opposing side ﬂanges and a side vaot a back pivoted to the base assembly for
movement between upright and reclined positions, and a seat operably supported on the base

assembly and connected to the back for coordinated synchronous movement with the back. An

_energy mechanism is provided for biasing the back toward the upright position. The energy

mechanism includes an extendable/compressible spring positioned transversely in the control
housing with one end supported on one of the side flanges, and further includes a lever pivoted

to the side pivot and having a spring-engaging portion engaging a free end of the spring and
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also having a seat-biasing portion operably connected to.the seat. The side pivot, the spring-
engaging portion, and the seat-biasing pbrtion are spaced from each other and arranged so that
the spring biases the lever about a fulcrum located generally at the side pivot to bias the back
toward the upright position.

- In another aspect of the present invention, a chair has a control housing including a
pivot member, a reclineable back operably connected to the control ﬂousing for movement

' between upright and rectined positions, and an energy source in the control housing. The chair

also includes an improved adjustable back tension controller for the chair wherein the pivot
member is adjustable, and a lever engages the energy source and the pivot member and is
operably connected to the back for biasing the back to the upright position. The lever and the
pivot member hé.ve non-slip interfacing surfaces, at least one of which is 'curvilinear, so that the
interfacing surfaces engage to define a fulcrum as the lever is rotated during recline of the back,
and further so that the fulcrum changes location as the pivot member is adjusted to change a
moment arm over which the energy source operates.

In yet another aspect of the present invention, a chair xncludes a base assembly, a
component comprising one of a reclineable back and a movable seat prted to the base
assembly for movement between first and second positions, and a spring with one end
supported on the base assembly and another end operably connected to the component. '_rhe
spring has a length and, when the component is moved from the first position to the second
position, is simultaneously longitudinally compressed along the length and also laterally bent in
a direction transverse to the length.

In yet another aspect of the present invention, a chair includes a base assembly
including a control housing, a seat slidingly supported on the control housing, a back frame
pivoted to the base assembly for movement between upright and reclined positions and operably
attached to the seat, so that pivotal inovement of the back frame and sliding movement. of the
seat are synchronized, and an energy mechanism ixxéluding a spring having a length and an L-
shaped torque member with a first leg engaging an end of the coil spring, and a second leg
extending generally paralle] the length of the spring. The first leg pivotally engages the control -
housing at a location spaced from the end of the spring The second leg is operably connected
to one of the seat and the back frame so that the sprmg biases the torque member in a manner
blasmg the back frame toward the upright position.
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In yet another aspect of the present invention, a chair includes a base assembly
including a control housing, a seat slidingly supported on the control housing, a back assembly
pivoted to the base frafné for movement between upriglit fid reclined positions and operably
attached to the seat, so that pivotal movement of the back frame and sliding movement of the
seat are synchronized. The contro]__!@gpsing defines a relatively-thin horizontally-extending
compartment under the seat. An adjustable energy mechanism is operably positioned in the
compartment. The adjustable energy mechanism includes an extensible energy source, a lever
operably connected between the energy source and the seat, and an adjustment member
adjustably pivotally supporting the lever for adjustably controlling foﬁe transmitted from the

energy source through the lever to the seat. The energy source, the lever, and the ad_]usunent

‘member are movable in horizontal directions only so as to operate within the relatlvelv-thm

horizontally-extending compartment.

In yet another aspect of the present invention, a chair control includes a _cpqtrol

" housing, a component operably attached to the control housing for movement between a

‘plurality of positions, an actuator on the control housing operably connected to the component

for controlling movement of the component, 2 manually-operable handle for operating the

actuator, and an overtorque device connecting the handle to the actuator. The overtorque

device is constructed to Timit force transmitted from the handle to the actuator to 2 maximum
amount to prevent damage to the chair control.

In one aspect, the present invention includes a chair having a base assembly including
opposing side arms, a back frame having conﬁgﬁred end sections pivoted to the side arms at
back pivots for rotation about a back-tilt axis, and a seat pivoted to the configured end sections
at seat pivots for rotation about 2 seat-tit axis. At least one of the back pivots and the seat
pivots include a rotatable bearing element and a support element flexibly supporting the bearing
element for rotational movement misaligned with the tilt axis associated with the at least one
axis so that the bearing element rotates about the stud without binding even when the sud is
misaligned with an associated one of the beek-iﬂt axis and the seat-tilt axis. In a narrower
aspect, the support element is mede from a resilient rubber.

In another aspect of the present invention, a chair has a base assembly including side

. arms, and a back frame having configured end sections pivoted to the side arms at back pivots

for rotation about a back-tilt axis. The back frame is flexible enough to permit the configured
ends to be flexed apart during assembly. The configured end sections and the side arms have
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adjacent faces, one of which has a recess therein. A bearing arrangement is located at each
back pivot for pivotally connecting the side arms to the respective configured end sections. The
bearing arrangement includes a stud that extends into the recess, and a bearing rotatably
engaging the stud, the bearing being removable from the recess but held therein in part by the
proximity of the adjacent faces. ' E

In another aspect, the present invention includes a method of assembling a chair
comprising steps of providing a chair component with laterally-extending oppositely-facing -
protrusions, and providing a back frame with configured end sections having recesses. The
method further includes flexing apart the configured end sections of the back frame and
simultaneously posiﬁdning the recesses of the conﬁgured end sections on the protrusions, and
releasing the back frame so that the back frame resiliently remmS to an original shape which
holds the back frame in place and pivotally connects the back frame to the chair component.

In yet another aspect of the present invention, a control inciudes a control housing, a

single stored energy source positioned in the control housing providing a compressive force, o

and a lever operably interconnected with said single energy source for movement between
upright and reclined positions. The single stored energy source bbth exerts pretension to bias
the lever toward the upright position and provides resistance to tilting of the lever when
reclining. The control furiher includes a controller for regulating the__pfetension of the stored
energy source and tilt rate of the lever, with the controller being conﬁgured for adjustment
without an operator having to overcome a compressive force of the said single stored energy
soﬁrce. . '

In yet another aspect of the present invention, a chair includes a base assembly
including a control housing, a single stored energy source positioned in the control housing
providing a compressive force, and a back support operably interconnected with said single
energy source for movement between upright and reclined positions. The single stored energy

source both exerts pretension to bias the back support toward the upright position and provides

resistance to tilting of the back support when reclining. The control further includes a =

controller for regﬁlating the pretension of the stored energy source and tilt rate of the back
support, the controller including a lever defining an adjustable fulcrum point that can be
adjuSted without overcoming ihe i:ompre_ssive force of the said sihgle stored energy source.

In yet another aspect of the present invention, a control includes a control housing, a

stored energy source positionéd in the control housing, and a back-supporting first lever
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operably interconnected with said energy source for movement between upright and reclined
positions. The stored energy source both exerts pretension to bias the first lever toward.the
upright position and provides resistance to tilting of the first lever when reclining. The control
further includes a controller for regulating the pretension of the stored energy source of the first
lever. The controller includes a crank lever within the control housing. The crank lever has
one end engaging the stored energy source and the other end operably interconnected with the
first lever. The crank lever has portions between the two ends forming a fulcrum, so that the
energy source biases the crank lever about the fulcrum to bias the first lever toward the upright

position.

In yet another aspect of the present | mvennon a control mcludes a control housmg,

N stored energy source positioned i in the control housing, and a first lever operably mterconnected

with said energy source for movement between upnght and reclined positions. The stored
energy source both exerts pretension to bias the first lever toward the upnght posmon and
provxdes resistance to tilting of the first lever when reclining. The control further mcludes an
adJustable controller for adjustably regulaungl the pretensmn of the stored energy source. The
controller includes a mamxally-operable handle for regulating the pretension of the stored
energy source, and an overtorque device configured to limit the physical force transmitted from
the handie to the controller. | '

These and other feamres and advantages of the present invention will be further
understood and appreciated by those skilled in the art by reference to the following
specification, claims, and appended drawings.

DETAILED DESCRIPTION OF FIGURES

Figs. 1-3 are front, rear, and side pgrspective views of a reclineable chair embodying
the present invention; ' '

Figs. 4A and 4B are exploded perspective views of upper and lower portions of the
chair shown in Fig. 1; o

Figs. 5 and 6 are side views of the' chair shown in Fig. 1, Fig. 5 showing the flexibility
and adjustability of the chair when in the upright position and Fig. 6 showing the movements of
the back and seat during recline; |

Fig. 7 is a front view of the chair shown in Flg 1 w1th an underseat aesthetic cover
removed,;
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Fig. 8 is a top view of the control including the primary energy mechanism, the
moment arm shift adjustment mechanism, and the back-stop mechanism, the primary energy
mechanism being adjusted to a relatively low torque position and being oriented as it would be -
when the back is in the upright position so that the seat is in its rearward at-rest position, the -
back-stop mechanism being in an intermediate position for limiting the back to allow a

Fig. 8A is a perspective view of the base frame and the chair control shown in Fig. 8,
some of the seat and back support structure being shown in phantom lines and some of the
controls on the cohtrol being shown in solid lines to show relative locations thereof;

Fig. 9 is a perspective view of the control and primary energy mechanism shown in
Fig. 8, the primary energy mechanism being adjusted to a low torque position and shown as if
the back is in an upright position such that thé seat is moved rearwardly;

- Fig. 9A is a perspective view of the control and primary energy mechanism shown in
Fig. 9, the primary energy mechanism being adjusted to the low torque position but shown as'if
the back is in a reclined position such that the seat is moved forwardly and the spﬁng is
compressed; ' |

Fig. 9B is a perspective view of the control and primary ehergy mechanism shown in
Fig. 9, the primary energy mechanism being adjusted to a high torque position and shown as if
the back is in an upright position such that the seat is 'moved rearwardly; |

Fig. 9C is a perspective view of the control and primary energy mechanism shown in
Fig. 9, the primary energy mechanism being adjusted to the high torque poéition but shown as
if the back is in a reclined position such that the seat is moved forwardly and the spring is
compressed;

Fig. 9D is a graph showing torsional force versus angular deflection curves for the
primary enérgy mechanism of Figs. 9-9C, the curves including a top curve showing the forces
resulting from the high torque (ldng moment arm engagement of the main spring) and a bottom
curve showing the forces resulting from the low torque (short moment arm engégement of the
main spring);

Fig. 10 is an enlarged top view of the control and primary energy mechanism shown in _
Fig. 8, including controls for operating the back-stop mechanism, the back-stop mechanism
being shown in an off position;
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Fig. 11 is an exploded view of the mechanism for adjusting the primary energy
mechanism, including the overtorque release mechanism for same; | -
Fig. 11A is a plan view of a modified back-stop coiitrol and related linkages; Fig. 11B
is an enlarged fragmemary view, partially in cross séction of the circled area in Fig. 11A; and
Fig. 12 is a side view of the back assembly shown in Fxg. 1 mcludmg the back frame
and the flexible back shell and including the skeleton and flesh of a seated user, the back shell
being shown with a forwardly-convex shape in solid lines and being shown in different ﬂexed
shapes in dashed and dotted lines;
_ Flg 12A is an enlarged persp'ective view of the back frame shown in Fig. 4A the backl
frame bemg shown as if the molded . polymenc outer shell is transparent s0 that the

reinforcement can be easily seen;

Fxgs 12B and 12C are cross sections taken along lmes XXI1IB- XXIIB and XXIIC—
XXIC in Fig. 12A; ' -

Figs. 12D-121 are views showing additional embodiments of flexible back shell
constructions adapted to move sympathetically with a seatéd user's back; -

Fig. 12J is an exploded petsj:ective view of the torsionally-adjustable lumbar support
spring mechanism shown in Fig. 4A, and Fig. 12)J is an exploded view of the hub and spring
connection of Fig. 12J taken from an opposite side of the hub;

Fig. 12K is an exploded perspective view of a modified torsxonally-adjustable lumbar
support spring mechanism;

F1gs 12L and 12LL are side views of the mechamsm shown in Fig. 12K adJusted toa
low torque position, and Figs. 12M and 12MM are side views of the mechanism adjusted 10 a
high torque position, Figs. 12L and 12M h1ghhghnng the spring driver, and Figs. 12LL and
12MM highlighting the lever;

Fig. 12N is a fragmentary cross-sectional side view of the back construction shown in
Fig. 12;

Fig. 13isa cross-sectional side view taken along lines XIII-XIII showing the pivots that
interconnect the base frame to the back frame and that interconnect the back frame to the seat
frame; _

Fig. _i3A is a cross-sectional side view of modified pivots similar to Fig. 13. but
showing an alternative construction;

10
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Figs. 14A and 14B are perspective and front views of the top connector connecting the
back shell to the back frame; “

Fig. 15 is a rear view of the back shell shown in Fig. 4A;

Fig. 16 is a perspective view of the back including the verncally-adjustable lumbar
support mechanism shown i in Fig. 4A;

Figs. 17 and 18 are front and top views of the vertically-adjustable lumbar support
mechanism shown in Fig. 16;

Fig. 19 is a front view of the slide ﬁmne of the vertically-adjustable lumbar support
mechanism shown in Fig. 18; '

Fig. 20 is a top view, pamally in cross section, of the laterally-extendmg handle of the
vertically-adjustable lumbar support mechanism shown in Fig. 17 and its attachment to the slide

member of the lumbar support mechanism;

* Fig. 21 is a perspective view of the depth-adjustable seat shown in Fig. 4B inclpdmg

the seat carrier and the seat.undercarriage/support frame slidably mounted on the seat carrier, |

. the seat undercarriage/support frame being partially broken away to show the bearings on the

. seat carrier, the seat cushion being removed to reveal the parts therebelow;

Fig. 22 is a top view of the seat carrier shown in Fig. 21, the seat undercarriage/rear
frame being removed but the seat frame slide bearings being shown and the seat carrier depth-
adjuster stop device being shown; .

Fig. 23 is -a top perspective view 6f the seat undercarriage/rear frame and the seat
carrier shown in Fig. 21 including a depth-adjuster control handle, a linkage, and a latch for
holding a selected depth position of the seat; .

Figs. 24 and 25 are side views of the depth-adjustable seat shown in Fig. 21, Fig. 24
showing the seat adjusted to maximize seat depth, and Fig. 25 showing the seat adjusted to
minimize seat depth; Figs. 24 and 25 also showing a manually-adjustable "active” thigh support

system mcludmg a gas spring for adjusnng a front portion of the seat shell to provide optimal

~ thigh support;

Fig. 26 is a top view of the seat support structure shown in Figs. 24 and 25 including
the seat carrier (shown mostly in dashed lmes) the seat undercamage/rear frame the active
thigh support system with gas spnng. and reinforcement plate for adjustably suppomng the front

portion of the seat, and portions of the depth-adjustment mechanism ihcluding a stop for

11
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limiting the maximum forward and rearward depth adjustment of the seat and the depth-seuing
latch; |

Fig. 26A is a cross section taken along line XXVIA-XXVIA in Fxg 26 showing the

. stop for the depth-adjuster mechanism;

Figs. 27 and 28 are top and bottom perspectivé_'__\__/.i_gws of the seat support strucrre
shown in Fig. 26; E -

Figs. 29 and 30 are top and bottom perspective views of a seat similar to that shown in

- Fig. 26, but where the manually-adjustable thigh support system is replaced with a passive

thigh support system including a leaf spring for supporting a front portion of the seat; and

| Flg 31 is a bottom perspecuve view of the brackets and guide for suppomng ends of
the leaf spring as shown in Fig. 30 but with the thigh-supporting front poruon of the seat
flexed downwardly causing the leaf spring to flex toward a flat compressed condition.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

- For purposes of description herem the terms ' ‘upper,” "lower," g right,” "left' " "rear,”
“front," "vertical,” "horizontal," and derivatives thereof shall relate to the invention as oriented
in Fig. 1 with a person seated in the chair. Howéver,' it is to be understood that the invention
may assume various altemative.oriemations, exéept where expressly specified to the conrrary.
It is also to be understood that the specific devices and processes illustrated in the attached
drawings and described in the following specification are simply exemplary embodiments of the
inventive concepts defined in the appended claims. Hence, specific dimensions and other
physical characteristics relating to the embodiments disclosed herein are not to be considgred as
unnecessarily limiting, unless the claims expressly state otherwise. _

A chair construction 20 (Figs. 1 and 2) embodying the preserit invention includes a
castored base assembly 21 and a reclineable back assembly 22 pivoted to the base 21 for
movement about a statioxiary back-tilt axis 23 between upright and reclined positions. A seat
assembly 24 (Flg 6) is pivoted at its rear to the back 22 for movement about a seat-tilt axis 25.
Seat-tilt axis 25 is offset rearwardly and downwardly from the back-tllt axis 23, and the seat 24
is slidably suppgned at its front on the base 21 by linear bearings, such that the seat 24 slides
forwardly and its rear rotates downwardly and forwardly with a synchrotilt movement as the -
back 22 is reclined (see Fig. 6). The_ synchronous motion initially moves the back to seat at an
angular synchronous ratio of ébout 2.5:1, and when near the fully reclined position moves the
back to seat at an angular synchronous ratio of about 5:1. The seat 24 and back 22 movement

12
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during recline provides an exceptionally comfortable ride that makes the seated user feel very
stable and secure. This is due in part to the fact that the movement keeps the seated user's
center of gravity relatively constant and keeps the seated user in a relatively balanced position
over the chair base. Also, the forward slide/synchronous motion keeps the seated user near
his/her work during recline more than in previous synchrotilt chair constructions, such that the

problem of constantly scooting forward after reclining and then scoonng rearward when

" moving toward an upright position is greatly reduced, if not eliminated. Another advantage is

that the chair construction 20 can be used close to a wall behind the chair or in a small office,
with less problems resnlting. from interference from office furnishings during recline. Still
further, we have found that the spring 28 for biasing the back 22 toward an upright position can
be potentially reduced in size becanse of the reduced rearward shifting of a seated user's weight
in the present chair. _

The base includes a control housing 26. A primary eﬁefgy mechanism 27 (Fig. 8) is
operably positioned in control housiﬁg 26 for biasing the seat 24 rearwardly. | Duc 0 thé.
interconnection of the back 22 and the seat 24, the rearward bias of the seat 24 in turn biases
the back 22 toward an upright position. Primary energy mechanism 27 (Fig. 8) includes a main
spring 28 positioned transversely in the control housing 26 that operably engages a torque
member or lever 54. The tension and torque provided by the main spring 28 is 'gdjustable_ via
an adjustable moment arm shift (MAS) system 29 also positioned substantially in the control
housing 26. A v1sual cover 26 (Fig. 1) covers the area between the control housing 26 and
the underside of the seat 24. The back assembly 22 includes a back support or back frame 30

. (Fig. 4A) with structure that defines pivots/axes 23 and 25. A flexible/compliant back shell

construction 31 is pivoted to back frame 30 at top connections 32 and bottom connections 33 in
a manner providing an exceptionally comfortable and sympathetic back support. A torsionally-
adjustable lumbar support spring mechalﬁsm 34 is provided to bias the back shell 31 forwardly
into a forwardly-convex curvilinear shape optimaily suited for providing good lumbar pressure.

" A vertically-adjustable lumbar support 35 (Fig. 16) is operatively moﬁmed on back shell 31 for

vertical movement to provide an optimal shape and pressure location to the front support
surface on back 22. The seat 24 is provided with various options to provide enhanced chair
functions, such as a back-stop mechanism 36 (Fig. 8) which adjustably engages the seat 24 to
limit recline of the back 22. Also, the seat 24 can include active and passive thigh support
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options (see Figs. 24 and 30, respectively), seat depth adjustment (see Figs. 28 and 25). and
other seat options, as described below.

Base Assembly
The base assembly 21 (Fig. 1) includes a ﬂoor-éngaging support 39 having a center hub |

© 40 and radially-extending castored legs 41 attached to the center hub 40 in 2 spider-like

configuration. A telescopingly-extendable center post 42 is positioned in center hub 40 and
includes a gas spring that is operable to telescopingly extend the post 42 to raise the height of
the chair. The control housing 26 of base assembly 21 is pan shaped (Fig. 11) and includes
bottom panels and flanged sidewalls forming an upwardly-open structural member. A norch 43
is formed in one sidewall of the housing 26 for recewmg a portion of the adJustable control for_
the MAS sysmem 29. A front of the housing 26 is formed into an upwardly—facmg U-shaped '
transverse flange 44 for receiving a transverse structural tube 45 (Fig. 8A) and a hole 46 (Fig.
11) is formed generally adjacent flange 44. The transverse tube 45 is welded to the flange 44
and extends substantially honzontally A reinforcemenit channel 47 is welded in housing 26
immediately in front of transverse structural tube 45. A frustoconical tube section 48 is welded
vertically to reinforcement 47 adee hole 46, which tube section 48 is shaped to mateably and
securely engage the upper end of extendable center post 42. A pair of stiff upwardly-extending
side arms 49 (sometimes also called "struts” or "pods") are welded to the opposing ends of
transverse tube 45. The side arms 49 each include a stiff plate 50 on their inside surface. The
plates 50 include weld muts 51 that align to define the back-tilt axis 23. The housing 26,
transverse tube 45, and side arms 49 form a base frame that is rigid and sturdy. The sidewalls
of the housing 26 include a lip or flange that extends aiong their upper edge to reinforce the
sidewalls. A cap 52 is attached to the lips to form 2 stationary part of a linear bearing for
slidably supporting a front of the seat.

Primary Energy Mechanism and Qperaﬁon

It is noted that the housing 26 shown in Figs. 9-9C and 10 is slightly longer and with -
different proportions than the houSihg of Figs. 8, 8A,. and 11, but the principles of operation
are the same. The primary énérgy mechanism 27 (Fig. 8) is positioned in housing 26. The
primary energy mechanism 27 inch'xdeé the spring 28, which is operaﬁly connected to the seat
24 by an L-shaped torque member or bell crank 54, a link 55, and a seat-attached bracket 56.
Thé spring 28 is a coil spring iransversely positioned in housing 26, with one end supported
against a side of housing 26 by a disc-shaped anchor 57. The anchor 57 includes a washer to

kN
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support the end of the spring 28 to prevent noise, and further includes a protrusion that extends
into a center of the end of the spring 28 to sécurely grip the spring 28, but that allows,tﬁe
spring 28 to be compressed and to tilt/flex toward a side while the torque member or bell crank
54 is being pivoted. The L-shaped torque member or bell crank 54 includes a short leg or lever
58 and a long leg 59. The short leg 58 has a free end that engages an end of the spring 28
generally proximate a left side of housing 26 with a washer and protrusion similar to anchor 57.
Short leg 58.is arcuately shaped and includes an outer surface facing the adjacent sidewall of
housing 26 that defines a series of teeth 60. Steel strips 61 are attached to the top and bottom
sides of the short leg 58 and have an outer arcuate surface that provides é smooth rolling
bearing surface on the leg 58, as described below. The arcuate surface of the strips 61 is
generally iocated at about the apex or the pitch diameter of the gear teeth 60. The short leg 58
extends generally perpendicular to a longitudinal direction of spring 28 and the long leg 59
extends generally parallel the length of spring 28, but is spaced from the spring 28. Link 55
(Pig. 8) is pivoted to an end of long leg 59 and is also pivoted to the seat-attached bracket 56.

A crescent-shaped pivot member 63 (Fig. 11) includes an arcuate roller bearing surface
that rollingly engages the curved surface of steel strips 61 on short leg 58 to define a moving
fulcrum point.' Pivot member 63 also includes a rack of teeth 64 configured to mateably engage
the teeth 60 on short leg 58 to prevent any slippage between the interfacing roller bearing

surfaces of leg 58 and pivot member 63. Pivot member 63 is artached to a side of the housing

~ 26 at the notch 43. When the seat 24 is in a rearward position (i.e., the back is in an upright

position) (Fig. 9), the long leg 59 is located generally parallel and close to the spring 28 and the
short leg 58 is pivoted so that the spring 28 has a relatively low amount of compression. In this
position, the compression of spring 28 is sufficient to adequately bias the seat 24 rearwardiy '
and in turn bias the back frame 30 to an upright position for optimal yet comfortable support 10
a seated user. As a seated user reclines, the seat 24 is moved forwardly (Fig. 9A). This causes
the L-shaped torque member or bell crank 54 to roil on pivot member 63 at the fulcrum point
in a manner compressing spring 28.  As a result, spring 28' provides increésing force resisting
the recline, which increasing force is needed to adequately support a person as they recline. °
Notably, the short leg 58 “walks" along the cfescent—shaped pivot member 63 a short distance
during recline, such that the a_cfual pii)ot location changes slightly during recline. The generous
curvilinear shapes of the short leg 58 and the. pivot member 63 prevent any abrupt change in the

support to the back during recline, but it is noted that the curvilinear shapes of these two
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components affect the spring compression in two ways. The "walking" of the short leg 58 on
the pivot member 63 affects the length of the moment arm to the actual pivot point (i.e., the
location where the teéth 60 and 64 actually engage at any specific point in time). Also, the
"walking" can cause the spring 28 to be longitudinally compressed as the "walking” occurs. -
However, in a preferred form, we have designed the system so that the spring 28 is not
substantially compressed during adjustment of the pivot member 63, for the reason that we
* want the adjustment o be easily accomplished. If adjustment caused the spring 28 1o be
compressed, the adjustment would require extra effort to perform the adjustment, which we do
not prefer in this chair design. - '
As discussed below, the pivot member 63 is adjustable to change the torque arm over
| which the spring 28 operates. Fig. .9B shows tﬁe primary energy mechamsm 27 adjusted to a
high torque position with the seat 24 being in a rearward position (and the back frame 30 being

in an upright position). Fig. 9C shows the primary energy mechanism 27 still adjusted to the

- “high torque condition, but in_fh_é' éofnpreSSed condition with the seat 24 in a forward positidii P

(and the back frame 30 being in an upright position). Notably, in Figs. 9B and 9C, the pivot

" member 63 has been adjusted to provide a longer torque arm on lever 58 over which the spring

28 acts.

Fig. 9D is a graph illustrating the back torque generated by spring 28 as a function of
the angle of recline. As apparent from the graph, the initial foree of support can be varied by
adjustment (as described below). Further, the rate -of change of torsional force (i.e., the slope)
varies automatically as the initial torsional force is adjusted to a higher force, such that a lower
initial spring force results in a flatter slope, while a higher initial spring force results in 2
steeper slope. This is advantageous since lighter/smalier people not only require less support in
the upright position of the chair, but also require less support during recline. Contrastingly,
heavier/larger people réquire greater support when in upright and reclined positions. Notably,
the desired slope of the high and low torque force/displacement curves can be designed into the
chair by varyihg the shape of the short leg 58 and the pivot member 63.

The crescent-shaped pivot member 63 (Fig. 11) is pivotally supported on housing 26 by
a bracket 65. The bracket 65 includes a tube section 66 and a configured end 67 with a
juncture therebetween configured to mateably engage the notch 43 in the side of housing 26.
The configured end 67 includes a pair of flanges 68 with aperures defining an axis of rotation
69 for the pivot member 63. The pivot member 63 is pivoted to the flanges 68 by a pivot pin
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and is rotatable around the axis 69. By rotating the pivot member 63, the engagement of teeth
60 and 64 and the related interfacing surfaces change in a manner causing the actual pivot poix_lt.
along short leg 58 of L-shaped torque member or bell crank 54 to change. (Compare Figs. 9
and 9B.) As a result, the distance from the end of spring 28 to the actual pivot point changes.
This results in a shortening (or lengthening) in the torque arm over which the spring 28

operates, which in turn resuits in a substantial change in the force/displacement curve (compare

“the top and bottom curves in Fig. 9D). The change in moment arm is relatively easily
-accomplished because the spring 28 is not compressed substantially during adjustment, since the

interfacing surface on pivot member 63 defines a constant radius around its axis of rotaton.
Thus, adjustment is not adversely affected by the strength of spring 28. Nonetheless, the

. adjusmment greatly affects the spring curve because of the resulting change in the lénglh of the

moment arm over which the spring 28 operates.

Pivoting of the pivot member 63 is _accomplishéd through use of a pair of aperwred

flanges 70 (Fig. 11) on the pivot member 63 that are spaced from axis 69. An adjustment rod -

71 exiends through tube section 66 into configured end 67 and is pivoted to the apermred
flanges 70. Rod 71 includes a threaded opposite end 72. An elongated nut 73 is threaded onto

‘rod end 72. Nut 73 includes a washer 73 that rotatably engagés an end of the tube section 66,

and further includes a configured end 74 having longitudinally-extending ribs or slots shaped to
mateably tclescopingly éngage mating ribs 750na driving ring 76. A handle 77 is rotatably
mounted on tube section 66 and is operably connected to the driving ring 76 by an overtorque
clutch ring 78. Clutch ring 78 includes resilient fingers 79 that opérably engage a ring of
friction teeth 80 on the driving ring 76. Fingers 79 are shaped to frictionally slip over teeth 80
at a predetermined torsional load to prevent damage to components of the chair 20. A retainer
81 includes resilient legs 81° that snappingly engage the end 74 of the mut 73 to retain the
driving ring 76 and the clutch ring 78 together with a predetermined amount of force. A
spacer/washer 82 rides on the end of the nut 73 to provide a bearmg surface to better support

- the clutch ring 78 for rotation. An end cap 83 visually covers an end of the assembly. The end

cap 83 includes a center protrusion 84 that snaps into the retainer 81 to forcibly keep the
resilient legs of the retainer 81 engaged in the end of the nut 73.

In use, adjustment is accomplished by rotating the handle 77 on tube section 66, which
causes nut 73 1o rotate by means of clutch ring 78 and driving ring 76 (mﬂesé the force required

for rotation of the nut 73 is so great that the chutch ring 78 slips on driving ring 76 to prevent
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damage to the components). As the nut 73 rotates, the rod 71 is drawn outwardly (or pressed

. inwardly) from the housing 26, causing the pivot member 63 to rotate.

Pivoting the pivot

member 63 changes the point of engagement (i.e. fulcruin point) of the pivot member 63 and
the short leg 58 of the L-shaped torque member or bell crank 54, thus changing the moment

arm over which the spring 28 acts.
Back-Stop Mechanism

The back-stop mechanism 36 (Fig. 8) includes a cam 86 pivoted to the housing 26 at
Jocation 87. The cam 86 includes stop surfaces or stef;s 88, detent depressions 89 that
correspond to surfaces 88, and teeth 90. The steps 88 are shaped to mateably engage the seat-
attached bracket 56 to limit the rearward rotation of the back frame 30 by limiting the rearward
movement of the s;:ét 24. This allows a seated user to limit the amount of recline to a desired
maximum point. A leaf spring 91 (Fig. 10) is attached to the housing 26 by use of a U-shaped
finger 92 that slips through a first hole and hooks into a second hole in the housing 26. The
opposite end of the leaf spring includes a U-shaped bend 93 shaped to mateably slidably engage -
the detent depressions 89. The depressions 89 correspond to the steps 88 so that, when a
particular step 88 is selected, a corrcspénding depression 89 is engaged by spring 91 to hold the

cam 86 in the selected angular position. Notably, the steps 88 (and the

depressions 89) are

located angularly close together in the area corresponding to chair positions close to the upright
position of the back frame 30, and are located angularly farther apart in the area corresponding
to more fully reclined chair positions. Thxs is done so that seated users can select from a

greater number of back-stopping posmons when near an upnght position. It is noted that seated

users are likely to want multiple back-stoppmg positions that are close together when near an

upright position, and are less likely to select a back-smppmg position that is near the fully

reclined chair position.

The cam 86 is rotated through use of a control that includes a pivoting lever 94, a link

95, and a rotatable handle 96. The pivoting lever 94 is pivoted generally at its middle to the

~ housing 26 at location 97. One end of the pivoting ievef 94 includes teeth 98 that engage teeth
90 of cam 86. The other end of lever 94 is pivoted to rigid link 95 at location 57°. Handle 96 '
includes a body 101 that is rotatably mounted on tube section 66 of MAS pivot bracket 65, and

further includes a flipper 99 that provides' easy graspihg to a seated user.

extends from the body and is pivotally attached to link 95.
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To adjust the back-stop mechanism 36, the handle 96 is rotated, which rotates cam 86

through operation of link 95 and lever 94. The cam 86 is rotated to a desired angular position
so that the selected step 87 engages the seat-attached bracket 56 to prevent any further recline

beyond the defined back-stop point. Since the seat 24 is attached to the back frame 30, this

limits recline of the back 22.

A modified control for operating the back-stop cam 86 is shown in Fig. 11A. The
modified control includés a pivoting lever 94A and rotatable handle 96A connected to the
handle 96A by a rotary pivot/slide joint 380. The lever 94A includes teeth 381 that engage cam
86 and is pivoted to housing 26 at pivot 97, both of which are like lever 94, However, in the
modified control, link 95 is eliminated and replaced with the single joint 380. Joint 380
includes a ball 381 (Fig. 11B) that extends from the lever 94A. A snap-on "car" or bearing
382 includes a socket 383 for pivotally engaging ball 381 to define a ball-and-socket joint. The
bearing 382 includes outer surfaces 384 that slidably engage a slot 385 in a radially-extending
arm 386 on handle 96A (Fig. 11C). The joint 380 operably connects the handle 96A to the
lever 94A, despite the compiex movement resulting from rotation of the handle 96A about a
first axis, and from rotation of the lever 94A about a second axis that is skewed relative to the
first axis. Advantageously, the modified control provides an operable interconnection with few
parts, and with parts that are partiaily inside of the control housing 26, such that the parts are
substantially hidden from view to a person standing beside the chair.

Back Construction. ' o

The back frame 30 and back shell 31 (Fig. 12) foi-m a compliant back support for a
seated user that is particularly comfortable and sympathetic to back movements of the seated

user, particularly in the lumbar area of the back 22. Adjustment features on the assembly

provide further comfort and allow a seated user to customize the chair to meet his/her particular

needs and preferences in the upright through reclined positions.

The back frame 30 (Fig. 12A) is curvilinearly shaped and forms an arch across the
back area of the chair 20, A variety of constructions are contemplated for back frame 30, and

accordingly, the present invention should not be improperly limited to only a particular one.

For example, the back frame 30 could be entirely metal, plastic, or a combination thereof.

Also, the rigid internal reinforcement 102 described below could be tubular, angle iron, ora |

stamping. The illustrated back frame 30 includes a looping or arch-shaped internal metal

reinforcement 102 and an outer molded-on polymeric skin or covering 103. (For illustrative
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purposes, the covering 103 is shown as if it is transparent (Fig. 12A), so that the reinforcement
102 is easily seen.) The metal reinforcement 102 includes a looping intermediate rod sectiori
104 (only half of which is shown in Fig. 12A) having a circular cross section. Reinforcement
102 further includes configured ends/brackets 105 welded onto the ends of the intermediate
section 104. One or two of T-shaped top pivot connectors 107 are attached to intermediate
section 104 near a top portion thereof: Notably, a single top cormector 107, when used, allows
greater side-to-side flexibility than with two top connectors, which may be desired in a chair
where the user is expected to often twist their torso and lean to a side. in the chair. A pair of
spaced-apart top connectors 107 provide a sﬁffer arrangement. Each connector 107 (Fig. 12B)
includes a stem 108 welded to intermediate section 104 and includes a transverse rod section _
109 extended through stem 108. 'fhe rod sectior_i 109 is located outboard of the skin or shell
103 and is adapted to snap-in frictiorially and pivotally engage a mating recess in the back shell
31 for rotation about a horizontal axis, as descnbed below. The present invention is
contemplated to include different back frame shapes. For example ‘the inverted U-shaped
intermediate section 104 of back frame 30 can be replaced with an inverted T-shaped
intermediate section having a lower transverse member that is geherally proximate and parallel

the belt bracket 132, and a vertical member that extends upwardly therefrom. In a preferred

- form, each back frame of the present chair defines spaced-apart lower connections or apermres

113 that define pivot points and a top connection(s) 107 forming a triangular tripod-like
arrangement. This arrangement combines with the semi-rigid resiliently-flexible back shell 31
to posturally flexibly support and permit torsional flexing of a seated user's torso when in the
chair. In an alternative form, the lower connections 113 could occur on the seat instead of the
back of the chair. o
The configured ends 105 include an inner surface 105° (Fig. 13) that may or may not
be covered by the outef shell 103. In the illustrated back frame 30 of Figs. 12A and 4A, the
remforcemem 102 is substantially covered by the shell 103, but a pocket is formed on an inside
surface at configured ends 105 at apertures 111- 113. The conﬁgured ends 105 include
extruded ﬂanées forming apertures 111-113 which in wrn define the back-tilt axis 23, the seat-
 tilt axis 25, and a bottom pivotal connection for the back shell 31, respectively. The apermres
111 and 112 (Fig. 13) include fmstocomcally—shaped ﬂanges 116 defining pockets for recewmg
multi-piece bearings 114 and 115, respectively. Bearing 114 iricludes an outer rubber bushmg
117 engaging the flanges 116 and an inner lubricous _bearing clement 118. A pivot stud 119
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includes a second lubricous bearing element 120 that matingly slidingly engages the ﬁrs_t

bearing element 118. The smd 119 is extended through bearing 114 in an outward direction

and threadably into welded nut 51 on side arms 49 of the base frames 26, 45, and 49. The

bearing element 118 bottoms out on the nut 51 to prevent over-tightening of the stud 119. The
head of the stud 119 is shaped to slide through the apenure 111 to facilitate assembly by

allowing the stud to be threaded into mut 51 from the inboard side of the side arm 49. Itis

" noted that the head of smd 119 can be enlarged to positively capture the configured end 105 to

the side arm 49 if desired. The present arrangement including the rubber bushings 117 allows

the pivot 23 to flex and compensate for rotation that is not perfectly aligned with the axis 23,

thus reducing the stress on the bearings and reducing the stress on components of the chair such

as on the back frame 30 and the side arms 49 where the stud 119 is misaligned with its axis.

_The lower seat-to-back frame bearing 115 is similar to bearing 114 in that bearing 115

includes a rubber bushing 121 and a lubricous bearing element 122, although it is noted that the

frustoconical surface faces inwardly. ‘A welded std 123 extends from seat carricr 124 and

.includes a lubricous bearing element 125 for rotatably and slidably engaging the bearing

element 122. It is noted that in the jllustrated arrangement, the conﬁgured end 105 is trapped -
between the side arms 49 of base frames 26, 45, and 49 and the séat carrier 124, such that the
bearings 114 and 115 do not need to be positively retained to the configured ends 105.

Nonetheless, a positive bearing érrangement could be readily constructed on the pivot 112 by
enlarging the head of the stud 119 and by using a similar headed stud in place of the welded
stud 123.

A second configuration of the configured end of back frame 30 is shown in Fig. 13A.
Similar components are xdenuﬁed by idemiéal numbers, and modified bomponents are
identified with the same numbers and with the addition of the letter "A." In the modified
configured end 105A, the frustoconical surfaces of pivots 111A and 112A face in opposite
'di.re_ctions from pivots 111 and 112. Pivot 112A (including a welded-in stud 123A that
pivotally supports the seat carrier 124 on the back frame 30) includes a threaded axial hole in
its outer end. A retainer screw 300 is em_eﬁded into the threaded hole to positively retain the
pivot assembly together. Specifically, a washer 301 on screw 300 engages and positively
retains the bearing sleeve 125 that mounts the inner bearing element 122 on the pivot stud
123A. The taper in the pocket and on the bearing outer sleeve 121 positively holds the bearing
115A together. The upper pivot 111A that pivotally supports the back frame 30 on the side
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arms 50 of the base frame is generally identical to the lower pivot 112, except that the pivot
111A faces in an opposite inboard direction. Specifically, in upper pivot 111A, a stud 119A is
welded onto side arm 50. The bearing is operably mouiited on the stud 119A in the bearing

pocket defined in the base frame 30 and held in place with another washered screw 300. For
assembly, the back frame 30 is flexed apart to engage bearing 115, and the configured ends _

105A are twisted and resiliently flexed, and thereafter are released such that they spring back to
an at-rest position. This arrangement provides a quick assembly procedure that is fastenerless,
secure, and readily accomplished. :

The present back shell system shown in Figs. 12, 15, and 16 (and the back systems of
Figs. 12D-121) is compliant and designed to work very sympathetically with the human back.
The word " compliaht“ as used herein is intended to refer td the flexibility of the presént back in
the lumbar area (see Figs. 12 and 12F-12I) or a back structure that provides the equivalent of

ﬂexxblhty (see Flgs 12D and 12E), and the word " sympatheucally" is intended to mean that the

- back moves in close harmony with a seated user's back and posmrally supports the-seated
user's back as the chair back 22 is reclined and when a seated user flexes his/her lower back.
The back shell 31 has three specific regions, as does the human back, those being the thoracic
region, the lumbar region, and the pélvié region.

‘The thoracic "rib cage” région of a human's back is relatiﬁely stiff. For this reason, a
relatively stiff upper shell portion (Fig. 12) is provided that supports the relatively stiff thoracic
(rib cage) region 252 of a seated user. It carries the weight of a user's torso. The upper pivot
axis is strategically located directly- behind the average user's upper body centef of gravity,
balancing his/her back weight for good pressure distribution. |

The lumbar region 251 of a human's back is more flexible. For this reason, the shell
lumbar region of back shell 31 includes two curved, vertical-living hinges 126 at its side edges
(Fig. 15) connected by a number of horizontal “cfoss straps” 125°°. These straps 125° " are
separated by widthwise slots 125 allowing the straps to move independently. The slots 125°

may have radiused ends or teardrop—shép‘ed ends to reduce concentration of stress. This shell

area is configured to comfortably and posturally support the human lumbar region. Both side . '

straps 125" are flexible and able to substantially change radius of curvature from side to side.
This shell region automatically changes curvature as a user changes posture, yet maintains a
relatively consistent level of support. This allows a user to consciously (or subconsciously) flex

his/her back during work, temporarily moving stress off of tiring muscles or Spinal disc
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portions onto different ones. This frequeht motion also ."pumps" nutrients through the spine,
keeping it nourished and more healthy. When a specific user leans against the shell 31, he/she
exerts unique relative pressures on the various lumbar "cross straps.” This causes the living
hinges to flex in a unique way, urging the shell to conform with a user's uﬁique back shape.
This provides more uniform support over a larger area of the back improving comfort and
diminishing "high pressure points.” The croés straps can also flex to better match a user's side-
to-side shape. The neutral axis of the human spine is located well inside the back.
Correspondingly, the "side straps” are located forward of the central _portion of the lumbar
region (closer to the spine neutral 'axis), helping the shell flexure mimic human back flexure.
The pelvic region 250 is rather inflexible on human beings. Accordingly, the lowest
portion of the shell 31 is also rather inflexible so that it poswrally/mateably supports the
inflexible buman peivis. When ‘a user flexes his/her spine rearward, the user's pelvis
automgtically pivots about his/her hip joint and the skin on his/her back stretches. The lower
shell/back frame pivot point is strategically located near but a bit.rearwa'rd- of the human hip’
joiht. Its nearness allows the shell pelvic region to rotate sympathetically with a user's pelvis.
By being a bit rearward, howevér, the lumbar region of the shell stretches (the slots widen)
somewhat less than the user's back skin, enough for good sympathetic flexure, but not so much

as to stretch or bunch up clothing.

Specifically, the present back shell constructidn 31 (Fig; 4A) comprises a resiliently-
flexible molded sheet made from polymeric mate_ﬁé_l such as polypropylepe, with top and
bottom cushions positioned thereon (see Fig. 4A). The back shell 31 (Fig. 16) includes a
plurality of horizontal slots 125” in its lower half that are located generally in the lumbar area
of the chair 20. -The slots 125” extend substantially across the back shell 31, but terminate at
locations spaced from the sides so fhat resilient vertical bands of material 126 are formed along
each edge. The bands of material or side straps 126 are designed to form a nawrally
forwardly-convex shape, but are flexible so that they provide an optimal lumbar support and

‘'shape to a seated user. The bands 126 allow the back shell to change shape to conform to 2

user's back shape in a sympathetic manner, side to side and vertically. A ridge 127 extends °
along the perimeter of the shell 31. A pair of spaced-apart recesses 128 are formed generally
in an upper thoracic area of the back shell 31 on its rearward surface. The recesses 128 (Figs.
14A and 14B) each include a T-shaped entrance wiﬂi the narrow portion 129 of the recesses
128 having a width for receiving the stem 108 of the top connector 32 on the back frame 30
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and with the wider portion 130 of the recesses 128 having a width shaped to receive the
transverse rod section 109 of the top connector 32. The recesses 128 each extend upwardly
into the back shell 31 such that opposing flanges 131 formed adjacent the narrow portion 129
pivotally capture the rod section 109 of the T-top connector 107 as the stem 108 slides into the
parrow portion 129.. Ridges 132 in the recesses 128 frictionally pqsiti#)ely retain the top
connectors 107 and secure .the back shell 31 to the back frame 30, yet allow the back shell 31 to
pivot about a horizontal axis. This allows for the back shell 31 to flex for optimal lumbar
support without undesired restriction. :

A belt bracket 132 (Fig. 16) includes an elongated center strip or strap 133 that matches
the shape of the bottom edge of the back shell 31 and that is molded into a bottom edge of the
back shell 31. The strip 133 can also be an 'i'ntegral part of the back shell or can be attached to
back shell 31 with screws, fé.steners, adhesive, frictional tabs, insert-molding techniqﬁes, orin..
other ways of attaching known i in the art. The stnp 133 includes side arms/ﬂanges 134 that

* extend forwardly from the ends of strip 133 and that include apertures 135. “The torsionial

adjustment Jumbar mechanism 34 engages the flanges 134 and pivotally attaches the back shell
31 to the back frame at location 113 (Fig. 4A). The torsional adjustment lumbar spring
mechanism 34 is adjustable and biases the back shell 31 to a forwardly-convex shape to provide
optimal lumbar support for a seated user. The torsional adjustment lumbar spring mechanism
34 cooperates with the resilient.ﬂexibility of thé back shell 31 and with the shape-changing
ability of the vertically-adjustable lumbar support 35 to provide a highly-adjustable and
comfortable back support for a seated user.

The pivot location 113 is optimaily chosen to be at a rear of the hip bone and somewhat
above the seat 24. (See Fig. 12.Y Optimally, the fore/aft distance from pivot locations 113 to
strip 133 is approximately equal to the distance from a seated user's hip joint/axis to their lower
spine/tail bone region sb that the lower back 250 moves very similarly and sympathetically to
the way a seated user's lower back moves during flexure about the seated user's hip joint. The
location 113 in combination with a length of the forwardly-extending side flanges 133 causes
back shell 31 to flex in the following sympathetic manner. The pelvic supporting area 250 of
the back shell construction 31 moves sympatheﬁcaliy féarwardl_v and downwardly along a path
s'el_ected'to match a person’s spine and body movement as a seated user flexes their back and
presses their lower back against the back shell construction 31. The lumbar support area 251

simultaneously flexes from a forwardly-concave shape toward a more -planar shape. The
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thoracic support area 252 rotates about top conmector 107 but does not flex a substantial
amount. The total angular rotation of the pelvic and thoracic supporting areas 250 and 252 are
much greater than in prior art synchrotilt chairs, which provides substantially increased
support. Notably, the back shell construction 31 also flexes in a horizontal plane to provide
good postural support for a seated user who. twists his/her torso to reach an object. Notably,
the back frame 30 is oriented at about a 5° rearward angle from vertical when in the upright

. position, and rotates to about a 30° rearward angle from vertical when in the fully reclined
position. Concurrently, the seat-tilt axis 25 is rearward and at an angle of about 60° below
horizontal from the back-tilt axis 23 when the back frame 30 is in the upright position, and
pivots to almost vertically below the back-tilt axis 23 when the back frame 30 is in the fully
reclined position. ‘ _

Back constructions 31A-31F .(Figs. 12D-121, respectively) are additional constructions
adapted to provide a sympatheﬁc back support similar in many aspects to the back 'shell
construction 31. Like back construction 31, the present invention is contemplated 10 include
attaching back constructions 31A-31F to the seat or the base frame at bottom connections.
Specifically, the illustrated constructions 31A-31F are used in combination with back frame 30
to provide a specific support tailéred to thoracic, lumbar, and pelvic regions of 2 seated user.
Each of the back constructions 31A-31F are pwoted at top and bottom pivot connecnons 107
and 113, and each include side arms 134 for flexing about a particularly located lever pivot axis
113. However, the back constructions 31A-31F achieve their sympathetic back support in
slightly different ways. -

Back construction 31A (Fig. 12D) includes a cushioned top back support 255 pivbted at
top pivot connection 107, and ﬁer:r includes a cushioned bottom back support 256 pivoted at
bottom location 113 by the belt bracket 132 including side flanges 134. Top and bottom back
supports 255 and 256 are joined by 2 pivot/slide connection 257. Pivot/slide connection 257
comprises a bottom pocket formed by a pair of flanges 258, and top flange 259 that both slides
and pivots in the pocket. A torsional lumbar Suppor‘t spiing mechanism 34 is attached at
bottom pivot location 113 and, if desired, also at connection 107 to bias top and bottom back
supports 255 and 256 forwardly. The~ combination provides a sympathetic back support that
moves with a selected user's back 1o match virtually any user s back shape, similar to the back
shell construction 31 described above
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Back construction 31B (Fig. 12E) includes a top back support 261 pivoted at top
connection 107, a bottom back support 262 pivoted at lower connection 113 on belt brack_et-
side flange 134, and an intermediate back support 262 operably positioned therebetween.
Intermediate back support 262 is pivoted to bottom back support 262 at pivot 263, and is

- slidably pivoted to top back s,uppbrt 261 at pivot/slide joint 264. Pivot/slide joint 264 is formed

by top flanges 265 defining a pocket, and another flange 266 with an end that pivots and slides
in the pocket. Springs are positioned at one or more joints 107, 113, and 264 to bias the back
construction 260 to a forwardly-concave shape.

Back construction 31C (Fig. 12F) is similar to back shell construction 31 in that it
includes a sheet-like flexible shell with transverse lumbar slits. The shell is pivoted at top and
bottom connections 107 and 113 to back frame 30. The shell of back construction 31C is
biased toward a forwardly-convex shape by a torsion spring mechanism 34 at bottom pivot 113
and at top pivot 107, by a qurvilinear leaf spxjing 271 in the lumbar area of _the shell, by a
spring 272 that presses the shell forwardly off of an intermediate section of back frame 30,

and/or by a vertical spring 273 that extends from top connection 107 to a rear pivot on belt

~ bracket side flange 134.

Back construction 31D (Fig. 12G) includes a transverse leaf spring 276 that spans
between the opposing su'les of back frame 30, and that biases the lumbar area of its back shell
277 forwardly, much like spring 272 in the back construction 270. Back construction 31E
(Fig. 12H) includes vertical leaf springs 279 embedded in its back shell 280 that bias the
lumbar area of back shell 280 forwardly, much like springs 271 in back construcuon 270.
Notably, back construction 278 includes only a single top pivot connection 107. Back
construction 31F (Fig. 12I) includes a vertical spring 282 connected to a top of the back frame
30, and to belt bracket 132 at a bottom of its back shell 283. Since the back shell 283 is
fd_rwardly convex, the spring 282 biases the shell 283 toward an even more convex shape, thus
providing additional Jumbar support. (Compare to spring 273 on back construction 31C, Fig.
12F) | | | |

It is contemplated that the torsional lumbar suppdrt spring mechanism '34 (Fig. 12I) can
be designed in many differenf constructions; but includes at least a spring operably connected
between the back frame 30 and the back shell 31. Optionally. the arrangement includes a
tension adjustment device having a handle and 2 friction latch to provide for tension adjustment.

. The spring biases the belt bracket 132 rotationaily forward so that the back shell 31 defines a
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forwardly-convex shape dptima]lj suit_ed for lumbar support to a seated user. By rotating the
handie to different latched positions, the tension of the spring is adjusted to provide an optimal
_ forward jumbar force. As a seated user presses against the lumbar area of back shell 31, the

back shell 31 ﬂéxe‘_s "sympathetically” with a movement that mirrors a user's spine and body -

flesh. The force of the bands of material 126 in the shell 31 provide a relatively constant force
toward their natural curvilinear shape, but when combined with the torsional lumbar support
spring mechanism 34, they provide a highly-adjustable bias force for lnmbar support as the user
leans against the lumbar area. It is noted that a fixed non-adjustable spring biasing the back
belt or the back shell flex zone directly could be used, or that an adjustable spring only
adjustable during installation could be used. However, the present adjustable device allows the
greatest adjustment to meet varying needs of ma&d users. Thus, a user can assume a variety of

well-supported back posmres _
In the present torsional Jumbar support spring mechanism 34 (Fig. 12I), belt bracket

132 is pivoted to back frame 30 by a stud 290 that extends inboard from back frame 30 through - . .

a hole 291 in belt bracket side flange 134. A bushing 292 engages the stud 290 to provide for
smooth rotation, and a retainer 293 holds the stud 290 in hole 291. A base 294 is screwed by
screws 294 or welded to back frame 30, and inciudes a protrusion 295 having a sun gear 296

and a protruding tip 297 on one end. A hub 298 includes a plate 299 with a sleeve-like boss

300 for receiving the protrusion 295. The boss 300 has a slot 301 for receiving an inner énd_

302 of a spiral spring 303. The body of spring 303. wraps around protrusion 295. and
terminates in a hooked outer end 304. Hub 298 has a pair of axle studs 305 that extend from
plate 299 in a direction opposite boss 300. A pair of pie-shaped planet gears 306 are pivoted to
axle studs 305 at pivot holes 307. A plurality of teeth 308 are located in an arch about pivot

holes 307 on the planet gears 306, and a driver pin 309 is located at one end of the arc. A cup-

shaped handie 310 is shaped to cover gears 306, hub 298, spring 303, and base 294. The
handle 310 includes a fiat end panel 311 having a centered hole 312 for rotatably engaging the
protruding tip 297 of base 294. A pair of opposing spirally-shaped recesses or channels 313

- are formed in the end panel 311. The recesses 313 include an inner end 314, an outer end 315,

and an elongated portion having a plurélity of detents or scallops 316 formed between the ends
314 and 315. The recesses 313 mateably receive the driver pins 309. The hooked outer end
304 engages fingers 317 on belt bracket 132, which fingers 317 extend through an arcuate slot
318 in the configured end 105 of back frame 30. |
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Handle 310 is rotated to operate torsional lumbar support spring mechanism 34. This
causes recesses 313 to engage driver pins 309 on planet gears 306. The planet gears 306 are
geared to sun gear 296, such that planet gears 306 rotate about sun gear 296 as the driver pins
309 are forced inwardly (or outwardly) and the planet gears 306 are forced to rotate on their
respective pivots/axies 305. In turn, as planet gears 306 rotate, they force hub 298 to rotate.
Due to the connection of spiral spring 303 to hub 298, spiral spring 303 is wound tighter (or
unwound). Thus, the tension of spring 303 on belt bracket 132 is adjustably changed. The
detents 316 engage the driver pins 309 with enough frictional resistance to hold the spring 303
in a desired tensioned condition. Due to the arrangement, the angular winding of spiral spring
303 is greater than the angular rotation of handle 310.

In a modified torsional lumbar support spring mechanism 34A (Fig. 12K), a base
bracket 244A is attached to configured end 105A of back frame 30. -A lever 306A and driver
208A are operably mounted on base bracket 244A to wind a spiral spring 303A as a handle

310A is rotated. Specifically, the base bracket 244A includes a pivot pin 290 that pivotally

engages hole 291 in belt bracket 132. A second pin 317 extends through arcuate slot 318 in
configured end 105A, which slot 318 extends around pivot pin 290 at a constant radius. Two
pins 360 and 361 extend from base bracket 244A opposite pivot pin 290. The driver 298A
includes an apertured end 362 with a hole 363 for rotatably engaging center pin 360. The end
362 includes an outer surface 364 with a slot therein for engaging an inner end 365 of spiral -
spring 303A. The outer end 365 is hook-shaped to securely engage pin 317 on the belt bracket
132. A finger-like stud 366 extends laterally from the outer end 367 of driver 298A.

Lever 306A includes a body with a hole 368 for pivotally engaging pin 361, and a slot

. 369 extending ai-cuately around hole 368. A pin 370 exténds from tever 306A for engaging a

spiral cam slot 313A on an inside surface of cup-shaped handle 310A. A tooth 371 on lever
306A is positioned to engage stud 366 on driver 298A. Hole 372 on handle 310A rotatably

engage the pivot pin 360 on base bracket 244A.

Handle 310A is rotatable between a low tension position (Figs. 12L and 12L.L) and a
high tension position (Figs. 12M and 12MM). Specifically, as handle 310A is rotated, pin 370
rides along slot 313A causing lever 306A to rotate about hole 368 and pivot pin 361. As lever

~ 306A rotates, tooth 371 engages pin 366 to rotate driver 298A about pin 360. Rotation of

driver 298A causes the inside end 365 of spring 303A to rotate, thus winding (or unwinding)
spring 303A. The arrangement of driver 298A, lever 360A, and handle 310A provide a
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mechanical advantage of about 4:1, so that the spiral spring 303A is adjustably wound with a
desired amount of adjustment force on the handie 310A. In the illustration, a rotation of abgﬂt
330° of the haqdle 310A produces a spring tension adjustment winding of about 80°..
Optionally, for maximum adjustability, a vertical adjustable lumbar system 35 (Fig. 16) -
is provided that includes a slide frame 150 (Fig. 19) that is generally flat and that includes
several hooked tabs 151 on its front surface. A concave lumbar support sheet 152 (Fig. 16) of

 flexible material such as spring steel includes a plurality of vertical slots that form resilient leaf-

spring-like fingers 153 along the top and bottom edges of the sheet 152. - The (optional) height
adjustable back support sheet 152 is basically a radiused sheet spring that can, With normal back
support pressures, deflect until it matches the shape of the back shell beneath it. In doing so, it
provides a band of higher force acroés the back. This provides a user with height-adjustable

localized back support, regardiess of the flexural shape of the user's back. Thus, it provides

the benefits of a traditional lumbar height adjustment without forcing a user into a particular
rigid back posmure. Further, the fabric or upholstery on the back is always held taunt, such that
wrinkles are eliminated. Stretch fabric can also be used to eliminate wrinkles.

A user may also use this device foi' a second reason, that reason being to more
completely adapt the back shell shape to his/her oWn unique back shape. Especially in the
lower lumbar/pélvic region, humnans véry dramaticélly in back shape. User's with more
extreme shapes will benefit by slidiflg the device into regions where their back does not solidly
contact the shell. The device will effeétively 'change its shape to exactly il in the gap” and
provide good support in this area. No other known lumbar height adjustor does this in the
manner described below. ' '

Four tips 154 on fingers 153 form retention tabs that are particularly adapted to
securely engage the hooked tabs 151 to retain the sheet 152 to the slide frame 150. The
remaining tips 155 of the fingers 153 slidably engage the slide frame 150 and hold the central
portion 156 of the concave sheet forwardly and away from the slide frame 150. The slide

 frame 150 is vertically adjustable oni the back shell 31 (Fig. 16) and is positioned on the back

shell 31 between the back shell 31 and the back cushion. Alternatively, it is contemplated that
the slide frame 150 could be located between the back cushion and under the upholstery
covering the back 22, or even on a front face of the back 22 outside the upholstery sheet

“covering the back 22. By adjusting the slide vertically, this arrangement allows a seated user to

adjust the shape of the lumbar area on the back shell 31, thus providing a high degree-of
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comfort. A laterally-extending guide 157 (Fig. 19) is formed at each of the ends of the slide '
frame 150. The guides 157 include opposing flanges 158 forming inwardly-facing groovgs..
Molded handles 159 (Fig. 20) each include a leg 160 shiped to mateably telescopingly engage
the guides 157 (Figs. 17 and 18). The handles 159 further include a C-shaped lip 160 shaped
to snappingly engage and slide along the edge ridge 127 along the edge of back shell 31. It is
contemplated that other means can be provided for guiding the vertical movement of the slide
frame 150 on back shell 31, such as a cord, a track molded along but inward of the edge of the
back shell, and the like. An enlarged flat end portion 161 of handle 159 extends laterally
outwardly from molded handle 159. Notably, the end portion 161 is relatively thin at a location
161° immediately outboard of the lip 160, so that the handle 159 can be extended through a
relativeiy thin slot along the side edge of the back 22 when a cushion and upholstery sheet are
attached to the back shell 31.

The illustrated back 22 of Fig. 12 includes a novel construction incorporating stretch

fabric 400 sewn at location 401 to a lower edge of the upholstery sheet 402 for covering afront - - -

of the back 22. The stretch fabric 400 is further sewn into a notch 406 in an extrusion 403 of
structural plastié, such as polypropylene or polyethylene. The extrusion 403 is attached to a
lower portion 404 of the back shell 31 by secure means, such as snap-in attachment, hook-in
attachment, rivets, screws, other mechanical fasteners, or other means for secure attachment.
The foam cushion 405 of the back 22 and the vertically-adjustable lumbaf support device 35 are
positioned berween the sheet 402 and back shell 31. It is contemplated. that the su'etch fabric
will have a stretch rate of at least about 100%, with a recovery of at least 90% upon release.
The stretch fabric 400 an_d sheet 402 are sewn onto the back 22 in a tensioned condition, 5o that
the sheet 402 does not wrinkle or pucker d'e:Spiie the 'large flexure of the lumbar region 251
toward 2 planar condition. The stretch fabric 400 is in a low visibility position, but can be
colored to the color of the chair if desired. It is noted that covering 402 can be extended to
cover the rear of back 22 as well as its front.. -
Primary Seat Movement. Seat Undercamage/Suggort Frame and Bearing Arrangement
- The seat 24 (Fig. _4B) is supported by an undercarriage that includes a seat front slide
162 and the seat carrier 124. Where seat depth adjustment is desired, a manually depth-
adjustable seat frame-163 is slidably positioned on the seat carrier 124 (as is shown in Figs. 4B
and 21-30). Where seat depth adjustment is not desired, the features of the seat frame 163 and

seat rear carrier 124 can be incorporated into a single component, such as is illustrated in Fig.
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29 by frame member 163°. A seat shell 164 (Fig. 4B) includes a buttock-supporting rear
section 165 that is positioned on the seat carrier 124. The buttock-supporting rear section 165
carries most of the weight of the seated user, and acts somewhat like a perch in this regard.
The seat shell 164 further includes a thigh-supporting front section 166 that extends forwardly
of the seat frame 163. Front section 166 is connected to rear section 165 by a resilient section
167 strategically located generally under and slightly forward of a seated user's hip jqint. The
resilient section 167 has a plurality of transverse slots 168 therein. The slots 168 are relatively
short and are staggered across the seat shell 164, but are spaced from the edges of the seat shell
164, such that the band of material 169 at the edges of the seat shell 164 remains intact and
uninterrupted. The bands 169 securely connect the frént and rear sections 166 and 165 together
and bias them generally toward a planar condition. A seat cushion 170 is positioned on seat
frame 163 and is held in place by upholstery sheet and/or adhesive or the like.

Slide 162 (Fig. 4B) includes a top panel 171 with C-shaped side flanges 172 that extend
downwardly and inwardly. A linear lubricous cap 173 is attached atop each sidewall of
housing 26 and a mating bearing 174 is attached inside of C-shaped .side flanges 172 for
slidably engaging the lubricous cap 173. In this way, the slide 162 is captured on the housing
26 for fore-to-aft sliding moirement. The seat-attached bracket 56 is attached under the top
panel 171 and is located to operate with the back-stop mechanism 36. An axle 174° is attached
atop the top panel 171 and includes ends 175 that extend laterally from the slide 162.

Seat carrier 124 (Fig. 4B) is T—shaped in plan view. Seat carrier 124 is stamped from -
sheet metal into a "T" shape, and includes a relatively wide rear section 176 and a narrower
front section 177. Embossments such as elongated embossments 178, 179, and 180 are formed
in sections 176 and 177 along with side-down flanges 181 and side-up flaniges 182 to stiffen the
component. Two spaced-apart stop tabs 183 and a series of latch apertures 184 are formed in
the front section 177 for reasons discussed below. The welded studs 123 are atached to side-
up flanges 182 and extend laterally. As discussed above, the smds 123 define the seat-tilt axis

25 at this location.

Seat frame 163 (Fig. 4B) is T-shaped, much like the seat carrier 124, but seat frame
163 is shaped more like a pan and is generally larger than the seat carrier 124 so that it is better
adapted to support the seat shell 164 and seat cushion 170. Seat frame 163 includes a front
portion 185 and a rear portion 186. The front portion 185 includes a top panel 187 with down
flanges 188 at its sides. Holes 189 at the front of down flanges 188 form a pivot‘ axis for the
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active thigh flex device 190 described below. Other holes 191 spaced rearwardly of the holes
189 support an axle that extends laterally and supports a multi-functional control 192 for
controlling the seat depth adjustment and for controlling the active thigh flex device 190. The
center of front portion 185 is raised and defines a sidewall 193 (Fig. 23) having three apermures
194-196 that cooperate to pivotally and operably support a depth latch 197. . A depression 198
is formed in the center of front portion 185 and a slot 200 is cﬁtout in the center of the
depression 198. A T-shaped stop limiter 199 (Fig. 26) is positioned in the depression 198 and
screw-attached therein, with the stem 201 of the limiter 199 extending downwardly through the
slot 200 (Figs. 26 and 26A). “An inverted U-shaped bracket 203 is attached to the wide rear
section 176. The U-bracket 203 (Fig. 28) includes apertures for pivotally supporting one end
of a gas spring 204 used in the active thigh flex support device 190 described below. The rear
section 176 (Fig. 23) includes a U-shaped channel section 205 that extends around its perimeter
and an outermost perimeter flange 206, both of which serve to stiffen the rear section 176. Flat
areas 205" are formed on opposing sides of the rear section 176 for slidably engaging the top of
rear bearings 209.

Seat Depth Adjustment

A pair of parallel elongated brackets 207 (Fig. 4B) are attached under the forwardly-
extending outer sides of the U-shaped channel sectién 205 for slidingly supporting the seat
frame 163 on the seat carrier 124. The elongated Z-brackets 207 form inwardly-facing C-
shaped guides or tracks (Fig. 21) that extend fore-to-aft under the seat frame 163. A bearing
member is attached inside the guides of bracket 207 to provide for smooth operation if desired.
Two spaced-apart front bearings 208 (Fig. 4B) and two spaced-apart rear bearmgs 209 are
attached atop the seat carrier 124, front bearings 208 being amached to front section 177. and .
rear beanngs 209 being attached to rear section 176. The rear bearings 209 are configured to
slidably engage the guides in brackets 207, and further include a tongue 210 that extends
inwardly into the C-shaped portion of the C-shaped guides. The tongue 210 captures the seat
frame 163 so that the seat frame 163 cannot be pulled up\&ardly e-x;vay from the seat carrier 124.
The front bearings 208 slidably engage the uﬁderside of the front section 187 at spaced-apart
locations. The front bearings 208 can also be made to capture 'the front portion of the seat

¢ 163; however, this is not deemed necessary due to the thigh flex device which provides -
this function.
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The depth adjustment of seat 24 is provided by mamually sliding seat frame 163 on
bearings 208 and 209 on seat carrier 124 between a rearward position for minimum seat depth
(see Fig. 24) and a forward position for maximum seat depth (see Fig. 25). The stem 201 (Fig.
26A) of limiter 199 engages the stop tabs 183 in seat carrier 124 to prevent the seat 24 from
being adjusted too far forwardly or too far rearwardly. The depth larch 197 (Fig. 23) is T-
shaped and includes pivot tabs 212 and 212 * on one of its arms that pivotally engages aperwres -

'194 and 195 in seat frame 163. The depth latch 197 further includes a downwardly-extending

latching tooth 213 on its other arm that extends through aperture 195 in seat frame 163 into 2
selected one of the series of slots 214 (Fig. 26) in the seat carrier 124. A "stem” of the depth
latch 197 (Fig. 23) extends laterally outboard and includes an actuation tab 215. Multi-function
control 192 includes an inner axle 217 that supports the main components of the multi-function
control. One of these components is an inner sleeve 218 rotatably mounted on axle 217. The

handle 219 is connected to an outer end of the inner sleeve 218 and a protrusion 220 is

-connected to an inner end of the inner sleeve 218. The protrusion 220 is connected to the

actuation tab 215, such that rotation of the handle 219 moves the protrusion 220 and pivots the
latch 197 about latch pivots 194 and 195 in an up and down disconnection. The result is that
the latching tooth 213 is réleased from the seﬁes'of slots 214, so thai the seat 24 can be adjusted
to a new desired depth. A spring on inner sleeyé 218 biases the latch 197 to a normally
engaged position. It is contemplated that a variety of different spring arrangements can be
used, such as by including an internal spring operably connected to inner sleeve 218 or to latch
197. '

. Seat Active Thigh Angle Adjustment (with Infinitely Adjustable Gas Spring)

A from reinforcement plate 222 (Fig. 28) is attached to the underside of the thigh-
supporting front section 166 of seat shell 164. A Z-shaped bracket 221 is anached to plate 222
and a bushing 223 is secured between the bracket 221 and the plate 222. A bent rod axle 224 is
rotatably supported in bushing 223 and includes end sections 225 and 226 that extend through
and are pivotally supported in apertures 190 of down flanges 189 of seat frame 163. The end
section 226 includes a flat side, and a U-shaped brackét 227 is non-rotatably attached to the end

section 226 for supporting an end of gas spring 204. The U-shaped bracket 227 is oriented at

an angle to a portion of the bent rod axle 224 that extends toward bushing 223, such that the U-
shaped bracket 227 acts as a crank to raise and lower the thigh-supporting front pordon 166 of
seat she_ll 164 when the gas spring 204 is extended or retracted. Specifically, the gas spring -
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204 is operably mounted between brackets 227 and 203, so that when extended, the front thigh-
supporting section 166 of seat shell 164 is moved upwardly to provide additional thigh suppo_,rt;
Notably, the thigh-supporting section 166 provides some fiex even when the gas spring 204 is
locked in a fixed extension, so that a person's thighs are comfortably supported at all times.
Nonetheless, the infinite adjustability of this active thigh support system provides an nnproved '
adjustability that is very useful, particularly to people with shorter legs.

The gas spring 204 (Fig. 28) is self-locking and includes a release button 233 at its rear
end that is attached to the bracket 203 for releasing the gas spring 204 so that its extendable rod
is extendable or retractable. Such gas springs 204 are well-known in the art. The multi-
functional control 192 (Fig. 3) includes an acmator for operating the release button 233.
Specifically, the multi-functional control 192 includes a rotatably outer sleeve 229 (Fig. 23)
operably positioned on the inner sleeve 218 and a handle 230 for rotating the outer sleeve 229,

- A connector 231 extends radlally from an inboard end of outer sleeve 229. A cable 3 |

extends from the connector 231 on outer sleeve 229 to the release button 233 (Fig. 28). The
cable 232 has a length chosen so that when outer sleeve 229 is rotated, the cable 232 pulls on
the release button 233 causing the internal lock of the gas spring 204 to release. The release
button 233 is spring biased to a normally locked position. A seated user adjusts the active thigh
flex support system by operating the handle 230 to release the gas spring 204. The seated user
then presses on (or raises their legs away from) the thigh-supporting front portion 166 of the
seat shell 164 causing the gas spring 230 to operate the bent rod axle 217 to re-adjust the thigh-
supporting front portion 166. Notably, the active thigh support system 190 provides for infinite
adjustment within a given range of edjlxsmxem.

Also shown on the control 192 (Fig. 10) is a second rotatable handle 234 operably
connected to a pneumatic vertical height adjustment mechanism for adjusting chair height by a

- Bowden cable 235, sleeve 2357, and side bracket 235°“. The details of chair height adjustment

mechanisms are well known, such that they do not need to be dxscussed herein.

The seat shell 164 and its suppomng structure (Fig. 4B) is configured to ﬂexxbly
support a seated user's thighs. - For this reason, the seat cushion 170 includes an indentation
170A located slighFIy forwardly of the seated user's hip joint (Fig. 12). The upholstery
covering the seat cushion .170B includes a tuck or fold at the indentation 170A to allow the
material to expand or stretch during downward flexing of the thigh support region since this
results in a stretching or expanding at the indematien due _lt'o the fact that the top surface of the.
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upholstery is spaced above the hinge axis of flexure of the seat shell 164. Alternatively, a
stretch fabric or separated front and rear upholstered cushions can be used.
Seat Passive/Flexible Thigh Support (without Gas Spring)

A passive thigh flex device 237 (Fig. 30) includes a reinforcing plate 238 attached to
the underside of the thigh-supporting front portion 166 of seat shell 164 (Fig. 4B). A pair of L-
shaped stop tabs 239 (Fig. 29) are bent downwardly from the body of the plate 238. The L-
shaped tabs 239 include horizontal fingers 240 that extend rearwardly to a position where the
fingers 240 overlap a front edge 241 of the seat frame 163. Bushings 242 are positioned inside
the L-shaped tabs 239 and include a notch 243 engaging the front edge 241. A curvilinearly-

 shaped leaf spring 244 is positioned transversely under the reinforcing plate 238 with the ends

245 of the leaf spring 244 engaging recesses in the top of the bushings 242. The leaf spring
244 has a curvilinear shape so thét it is in compression when in the present passive thigh flex
device 237. When a seated ﬁser presses downwardly on the thigh-supporting front portion 166
'with their thighs, the leaf spring 244 bends in the middle causing the reinforcing plate 238 to
move toward the front edge 241 of the seat frame 163. When this occurs, the fingers 240 each
move away from their respective bushings 242 (Fig. 31). When the seated user releases the
downward pressure on the thigh-supporting front portion 166, the spring 244 flexes toward its
natural bent shape causing the bushings 242 to move back into engégement with the fingers 240
(Fig. 30). Notably, this passivel thigh flex device 237 allows the user to flex the lateral sides of
the thigh-supporting front portion 166 of the seat shell 164 independently or simultaneously.
The degree of flexure of the passive thigh flex device 237 is 1imited by the distance that
bushings 242 can be moved in L-shaped tabs_239. . . _

In the foregoiﬂg description, it will be 'readily apﬁrééiated by those skilled in the art that
modifications may be made to the invention without departing from the concepts disclosed
herein. Such modifications are to be considered as included in the following claims, unless

the__se claims by then' language expressly state otherwise.
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The invention claimed is:

1. A chair comprising:
a base assembly including a control housing having opposing side flanges and a side
pivot located proximate.one of the side flanges;
'a back pivoted to the base-assembly for movement between upright and reclined
positions; |
a seat operably supported on the base assembly and connected to the back for
coordinated synchronous movement with the back; |
an energy mechanism for biasing the back toward the upright position, the energy -
mechanism including an extendable/compressible spring positioned transversely in the
control housing with one end supported on one of the side flanges, and further including a
- lever pivoted 1o the side pwot the lever havmg a spring-engaging portion engaging a.free -
- end of the sprmg and also having a seat-bxasmg portion operably connected to the seat; and
the side pivot, the spring-engaging portion, and the seat-biasing portion being spaced -
from each other and arrahged so that the spring biases the lever about a fulcrum located

generally at the side pivot to bias the back toward the upright position.

2. The chair defined in claim 1 wherein the side pivot includes an adjustable pivot

member constructed to change a.loéation of the fulcrum on the lever when the pivot member
is adjusted.

3. The chaxr defined in claim 2 wherem the pivot member and the lever include

interfacing surfaces, at least one of the interfacing surfaces being curvilinear.

- 4, The chair defined in claimed 3 wherein the interfacing surfaces include intermeshing
teeth. '

5. The chair defined in clajim 4 wherein the lever comprises an L-shaped bell crank,

- and the fulcrum is located generally along an intermediate portion of one leg of the L-shaped
bell crank. _ S
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6. The chair defined in claim 2 wherein the lever and the pivot member are pivoted
about vertical axes and are movable m a common horizontal plane that provides compaﬁt
positioning within thé control housing. _

7. The chair defined in claim 1 wherein the spring is supported by the control housing
and engaged by the lever in a configuration that causes_ the free end of the spring to

simultaneously move toward the one supported end and also move along a fore/aft direction

" during recline of the back.

8. The chair defined in claim 7 wherein the lever both longitudinally compresses the

spring and causes the spring to bend latetally in a non-linear manner during recline of the
back. '

9. In a chair having a control housing including a pivot member, a reclineable back
operabfy connected to the control housing for movement between upright and reclined
positions, and an energy source in the control housing for biasing the back toward the
upright position, the improvement of an adjustable back tension control comprising: '

the pivot member being adjustable; and |

a lever engaging the epergy source and the pivot member, the lever being operably
conmected to the back for biasing the back toward the upright position, the lever and the
pivot member having non-slip interfacing surfaces, at least one of which is curvilinear, so
that the .interfacing surfaces engage to define a shifting fulcrum as the lever is rotated during
recline of the back, and further so that the fuicrum changes location as the pivot member is

adjusted to change a moment arm over which the energy source operates.

10.  The chair defined in claim 9 wherein the lever comprises a bell crank having a leg
that is pivotally engaged at an-intermediate location by the pivot member to define the
fulcrum.

11.  The chair defined in claim 10 wherein the lever pivors ina hdr_izontal plane about 2

generally vertical axis to provide for compact positioning in the control housing.
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12.  The chair defined in claim 11 including a link and a seat-engaging bracket operably

connected to the lever by the link so that the lever biases the seat-engaging bracket and tpe
seat in a rearward direction.

13.  The chair defined in claim-10 wherein the pivot member is pivoted to the control
housing at a pivot location spaced from the interfacing surface of the pivot member, the

interfacing surface of the pivot member being arcuateiy shaped and defining a constant
radius from the pivot location. '

14.  The chair defined in claim 13 wherein the interfacing surfaces have teeth that engage -
in a rack-and-pinion like manner.

.15. - The chair, deﬁned in claxm 14 wherein the mterfacmg surface of the. lever also has-a |
curvxhnear shape

16.  The chair defined in claim 9 including an adjustment mechanism for angularly

adjustiﬁg the pivot member to change a length of the rhom_ent arm.

17.  The chair defined in claim 16 wherein the adjustment mechanism includes an

overtorque device to prevent overtorquing by a user when adjusting the pivot member.

18.  The chair defined in claim 9 wherein the chair includes a seat operably positioned on

the control housing and interconnected between the lever and the back.

19.  The chair defined in claim 9 wherein the interfacing surfaces have teeth that engage

in a rack-and-pinion like manner.

20. A chair comprising:
a base assembly;

a component compnsmg one of a reclmeable back and a movable seat pivoted to the base
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a spring with one end supported on the base assembly and another end operably
connected to the component, the spring having a length and, when the component is movgd'
from the first position to the second position, being simultaneously longitudinally
compressed along the length and aiso laterally bent in a direction transverse to the length. |
21.  The chair defined in claim 20 including a lever having a first end contacting the
another end of the spring and a second end linked to the component.

22.  The chair defined in claim 21 wherein the lever is pivoted to the base assembly.
23.  The chair defined in claim 22 wherein the component includes a seat.

24.  The chair defined in claim 23 including a back frame operably connected to the seat :
for simultaneous movement therewith. |

25. A chair comprising:

a base assembly including a control housing;

a seat slidingly supported 6n the control housing;

a back frame pivoted to the base asssembly for movement between upright and
reclined positions and operably attached to the seat so that pivotal movement of the back
frame and sliding movement of the seat are synchronized; and

an energy mechanism including a spring having a length and an L-shaped torque
member with a first leg engaging an end of the coil spring and a'sccond leg extending
generally parallel the length of the spring, the first leg pivotally engaging the control
housing at a location spaced from the end of thé spring, and the second leg being operably
connected to one of the seat and the back frame so that the spring biases the torque member

in a manner biasing the back frame toward the upright position.

26.  The chair defined in claim 25 wherein the first leg includes a-curvilinear surface that
both rollingly and pivotally engages structure on the control housing as the back frame
moves between upright and reclined positions. - | — S
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27.  The chair defined in claim 26 wherein the structre on the control housing mcludmg
a pivot member with an interface surface that engages the curvilinear surface on the first leg; -

the surfaces being configured to posmvely engage to prevent undesired slippage.

28. A chair comprising: @@= 0@

a base assembly including a control housing;

a seat slidingly supported on the control housing;

a back frame pivoted to the base assembly for movement between upright and
reclined positions and operably attached to the seat so that pivotal movement of the back
frame and sliding movement of the seat are synchronized; _

the control housing defining a relati\_r_ely thm, horizontally-extending compartment
under the seat; and _ . |

. an". adjustable energy mechamsm operably positioned in the comparrment the.
adJustablc energy mechamsm mcludmg an extensible emergy source, a lever operably
connected between the energy source and the seat, and an adjustment member adjustably
pivotally supporting the lever for adjustably controlling force transmitted from the energy
source through the iev_er to t.he“seat, the energy source, the lever, and -the adjustment

member being movable in horizontal directions only so as to operate within the relatively-

thin horizontally-extending compartment. -

25.  The chair defined in claim 28 wherein the adjustment member includes a pivot

member operably attached to the control housing for shifting the lever to adjust a fulcrum of
the lever.

30. A chair control éomprising:

a control housing; .
a component operably attached to the control housing for movement between a plurality of
positions; '

an actuator on the éontrol housing operably connected to the component for

controlling movement of the component;

a manually-operable handle for operating the actuator; and _
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an overtorque device connecting the handle to the actuator, the overtorQue device
being comtmcted to limit force transmitted from the handle to the acmator toa maxxmum _
amount to prevent dainage to the chair control.

31.  The chair control defined in claim 30 wherein the overtorque device includes a

release mechanism configured to release the handle, thus preventing a person from applying
an excessive force to the handle.

32.  The chair control defined in claim 31 wherein the release mechanism includes a
clutch.

33.  The chair control defined in claim 32 wherein the clutch includes a clutch ring and a2

friction ring that operably engages the clutch ring.

34. The chair control defined in claim 33 wherein the clutch ring, the friction ring, and

the handle are mounted to the central housing for rotation about a common axis.

35.  The chair defiped in claim 1 wherein the base assembly includes a base frame that.
incorporates the housing.

36.  The chair defined in claim 20 wherein the base assembly includes a base frame that
incorporates the housing.

37.  The chair defined in claim 25 wherein the base assembly includes a base frame that
incorporates the housmg

38.  The chair defined in claim 28 wherein the base assembly includes a base frame that
incorporates the housing.

39. . Acontrol comprising: - _ ' _ ———
a control housing; - . _ This Sheet Has Been R
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a single stored energy source positioned in the control housing providing a
compressive force; | - _

a lever operably interconnected with said single energy source for movement
between upright and reclined positions, sa1d single stored energy source both exerting
pretension to bias the lever toward the upright position and providing resistance to tilting of
the lever when reclining; and |

a controller for fegulating the pretension of the stored energy source and tilt rate of
the lever, the controller being configured for adjustment without an operator having to

overcome a compressive force of the said single stored energy source.

40.  The control defined in claim 39 wherein ﬂie housing includes an adjilster device, and

the lever and the adjuster device define a variable and adjustable fulcrum point.

41. A chair comprising:

a base assembly including a control housmg,

a single stored energy source posmoned in the control housing providing a
compressive force; ‘

a back support operably iﬁterconnécted with said single energy source for movement
between upright and reclined positions, said single stored energy source both exerting
pretension to bias the back support toward the upright position and providing resistance to
tilting of the back support when reclining; and | .

| a controller for regulating the pretension of. the stored energy source and tilt rate of
the back support, the controller including a lever deﬁrﬂng an adjustable fulcrum point that

can be adjusted without overcoming the compressive force of the said single stored energy
source. |

42.  The chair defined in cla1m 41 mcludmg a seat engaging and interconnecting the back ;
support to the energy source. - - _ -
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a back-supporting first lever operably interconnected with said energy source for movement
between upright and reclined positions, said stored energy source both exerting pretension t_o.
bias the first lever toward the upright position and providing resistance to tilting of the first
lever when reclining; and

a controller for regulating ihe pretéx_xsion of the stored energy source of the first
lever, the controller including a crank lever within the control housing, said crank lever
having one end engaging the stored energy source and the other end operably interconnected
with the first lever, and said crank lever ha§Mg a portion between said one end and said

other end forming a fulcrum, so that the energy source biases the crank lever about the
fulcrum to bias the first lever toward the upright position.

44.  The control defined in claini 43 including an adjustable pivot member defining a
movable fulcrum point with the crank lever, at least one of the pivot member and the portion
of the crank lever having a curvilinear surface along which the r_nbvable fulcrum point is
located.

45. A control comprising:
- . a control housing;

a stored energy source positioned in the control housing;

a first lever operably interconnected with said energy source for movement between
upright and reclined positions, said stored energy source both exerting pretension to bias the
first lever toward the upright position and providing resistance to tilting of the first lever
when reclining; i

an adjustable controller for adjustably regulating the pretension of the stored energy
source, the controller mcludlng a manually-operable handle for regulating the pretension of

the stored energy source and

an overtorque device conﬁcured to limit the physical force transmitted from the
handle to the controller. '
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46. A chair comprising:

a base assembly;

a seat supported on the base assembly;

a back frame pivoted to the base assembly for movement between upright and
reclined working positions; S— |

a compliant back connected-to the back frame in at least one top connection and to
the chair at bottom comiections vertically spaced from the at least one top connection, the
bottom connections being generally aligned with a seated user's hip bone and lower spine
such that the compliant back undergoes controlled flexure between the top and botiom
connections; and ' _ .

the seat having a front portion slidabl).' supported on the base assembly and a .rear
portion pivotably connected to the back frame so that the seat moves forwardly in a

synehromzed motion with the back frame durmg reehne of the back frame T o

47.  The chair defined in claim 46 wherein the compliant back includes upper and lower
sections operably connected together for counter-rotational movement, the upper section
being pivoted to the back frame at the top connection and the lower section including
forwardly-extending flanges pivoted to the back frame at the bottom connections, a rearward
distance from the bottom connections to a lower fromt surface of the lower section being
about equal to a distance from a seated user's hip joint to the seated user's rear/lower spine
bones so that flexure of the seated user's lower back causes the compliant back 10 flex

sympathetically with flexure of the seated user's lower spine.

48.  The chair defined in claim 46 wherein the compliant back includes a back shell

having upper and lower stiff sections connected by a flexible zone located generally ina

lumbar area of a seated user.

49, The chair defined in claim 48 .wherein the flexible zone includes a plurality of
horizontal slits extending generally across the compliant back but terminating to leave an

uninterrupted band of material at opposite s1de edges of the lumbar area.
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50. The chair defined in claim 49 including a torsional lumbar support mechanism

operably attached to the back shell, the torsional lumbar support mechanism biasing the she_ll-

toward a forwardly—prétfuding convex shape for optimal lumbar support.

51.  The chair defined in claim 50 including a vertically-adjustable lumbar support
attached to the compliant back for vertical adjustment to change a shape of a front surface of

the compliant back in the lumbar area of the seated user.

52.  The chair defined in claim 51 wherein the vertically-adjustable lumbar support
includes laterally extending handles constructed to engage and track with a perimeter edge of .
the compliant back and constructed to slidably engage the vertically-adjustable lumbar
support to permit the handles to adjust in and out td follow the perimeter edge.

53.  The chair defined in claim 46 incliding a torsional lumbar support mechanism
attached to one of the bottom connections for biasing the compliant back toward a
forwardly-protruding convex shape. . |

54.  The chair defined in claim 46 including a vertically-adjustable lumbar support operably
attached to a front surface of the compliant back, the vertically-adjustable lumbar support being

configured to change a force of support at.the front surface of the compliant back in a lumbar
area of a seated user.

55.  The chair defined in claim 54 inclu&ing at least one handle that slidably 'engages the
vertically-adjustable lumbar support in a generally horizontal direction, the handle being

configured to follow along a perimeter edge of the compliant back for verticallji adjusting
the vertically-adjustable lumbar support. |

56.  The chair defined in claim 46 wherein the top connection includes a top pivot
connection. |

57.  The chair defined in claim 56 wherein the top pivot connection includes a protruding

T-shaped connector on the back frame and a mating recess in the compliant back, the recess
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being configured to receive and frictionally engage the T-shapéd protruding connector to
attach the compliant back to the back frame. '

58. Th chair defined in claim 46 wherein the compliant back includes a belt bracket attached

along a bottom edge of the compliant back, the belt bracket inicluding flanges defining a part
of the bottom connectors.

59.  The chair defined in claim 58 including an adjustable torsional lumbar support

mechanism attached to one of the bottom connectors.

60. The chair defined in claim 46 wherein the back frame defines an inverted curvilinear '

arch.

61. The chaii' defined in claifn 46 wherein the babk frame includes an internal metal

reinforcement and an exterior polymeric covering tha't'covers_ all sides of an intermediate
section of the internal metal reinforcement.

62.  The chair defined in claim 46 wherein the back frame includes configured ends
positioned on opposing sides of the rear portion of the seat, the configured ends defining

first pivots for pivotal connection to the back frame and second pivots for pivotal connection
to the seat.

63. A chair comprising:

a base assembly; _
a back frame pivoted to the base assembly for movement between upright and reclined working
positions; and

a compliant back operably attached to the back frame at a top connection and
operably attached to the chair at bottom connections, the compliant back including a
forwardly-extending flange generally located ﬂong its lower edge forming an axis of
rotation at the bottom éonnectiori ihat is located at or rearward of a rear of a seated user’s

pelvic bone so that when a seated uSer flexes their lower back rearwardly, a pelvic portion

of the compliant back moves pivotally downwardly and rearwardly about the axis, a lumbar -
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portion of the compliant back flexibly moves generally rearwardly to form a2 more planar
arrangement with the pelvic portion, and a thoracic portion of the back pivots about the mp
connection, thus providing support for a seated user's back that is highly sympathetic to the
seated user flexing and moving the seated user’s torso and spine. |

64.  The chair defined in claim 63 including an adjustable torsional lumbar support spring
mechanism for torsionally biasing the compliant back to a forwardly-protruding convex
shape for optimal lumbar support for the seated user.

65.  The chair defined in claun 64 wherein the compliant back includes a molded shell
having a resilient lumbar section.

66. The chalr deﬁned in claun 65 mcludmg a belt bracket attached to a bottom edge of
the molded shell. '

67. The chair defined in claxm 66 including a vertxcally—adjustable lumbar support
operably attached to a front of the compliant back.

68.  The chair defined in claim 63 wherein the top connection includes a protrusion on

the base frame and a mating recess on the compliant back, the recess being configured to

. receive and frictionally engage the protrusion.

i

69.  The chair defined in claim 63 including a vertically-adjustable lumbar support

attached to the compliant back in a lumbar area of the seated user, for changing a shape of a
front surface of the compliant back in the lumbar area.

70.  The chair defined in claim 69 including handles operably engaging the vertically- _.
adjustable lumbar support and configured to follow a perimeter edge of the compliant back

during vertical adjustment of the vertically-adjustable lumbar support.

71.  The chair defined in claim 63 wherein the back frame has configured ends positioned

on opposite sides of the compliant back, the configured ends defining a back-tilt axis, a seat-
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tilt axis, and a back-shell botiom-tilt axis that is located rearwardly of the back-tilt axis and
the seat-tilt axis, the back-shell bottom-tilt axis being located generally at the adjustable
torsional lumbar support spring mechanism.

72.  The chair defined in claim 63 wherein the compliant back-includes a covering sheet,
at least a stretchable portion of which is stretchable material for maintaining the covering

sheet in tension on the compliant back during flexure of the compliaﬁt back.

73.  The chair defined in claim 72 wherein the stretchable portion includes a stip of

. stretch fabric sewn to a lower edge of the covering sheet.

74.  The chair defined in claim 73 wherein the ¢6mpliant back includes a back shell, and

includes an extrusxon attachcd to_the smp of stretch fabric, the extrus:on being secured wa.. -

lower edge of the back shell.

75. The chair defined in claim 74 wherein the'extr.usion includes a notch for receiving an

edge of the strip of stretch fabric and is sewn to the strip of stretch fabric along the notch.

76.  In a chair having a base, a seat, a back frame rotatably attached to the base, and a
first energy mechanism for biaéing the back frame toward an upright position, the
improvement comprising: . | |

a compliant back that is flexibly bendable to define different curvilinear shapes for
sympathetically Supporting a seated user's back, and a belt bracket with forwardly-extending
flanges pivotally connecting the compliant back to the back frame at a first connection, said
compliant back includihg a secorid connection pivotally connecting the compliant back to the
back frame at a second location spaced vertically from the first connection, such that the
compliant back is constrained to mové over a range limited by the first and second
connections; and

a second energy me@hanisxn including a force generating mechanism located
generally at one of the first and second connections ahd coﬁétru_cted to bias the bracket and

§0 as to bias a lumbar portion of the compliant back forward with respéct to the chair.
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77. The chair defined in claim 76 wherein the belt bracket includes side ﬂanges_
positioning the first connection generally at a rear of a pelvic bone of a seated user so that, -
when the seated user flékes his/her lower back rearwardly, a pelvic portion of the back

moves downwardly and rearwardly, a lumbar portion of the back moves generally flexibly

- rearwardly to form a more planar arrangement with the pelvic portion, and.a -thoracic

portion of the back pivots about the second connection, the pelvic portion, the lumbar
" portion, and the thoracic portion flexing in a manner highly sympathetic to movements of
the seated user’s back. | |

78. A chair construction comprising:

a bése assembly;

a seat, _ _ .

a back frame vaoted to the base frame for movement between upnght and reclmed
posmons - and ' ' '

a compliant back pivoted to the back frame at a fixed top connection and including
forwardly-extendmg flanges pivoted to one of the back frame, the ‘seat, and the base
assembly at bottom connections, a rearward distance from the bottom connections to a lower
front central surface of the compliant back being about equal to a rearward distance from a
seated user's hip joint to the seated user's rear/lower spine bone so that flexure of the seated

user’s spine and lower back causes the compliant back to flex sympathetically and mirror
flexure of the seated user's back and spine.

79. The chair construction defined in claim 78 wherein the bottom connections connect
the flanges of the compliant back to the back frame.

80.  The chair construction defined in claim 79 wherein the compliant back comprises

‘relatively stiff upper and lower sections interconnected by a flexible sectiori.

81. A chair back construction comprising:
a back frame including a top portion and a bottom portion; and
a compliant back pivoted at top and bottom connections to the top and bouom

portions, respectively, the compliant back having a relatively stiff pelvic support section that
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pivots about the bottom connections at a pivot axis located forward of the pelvic support.
section and at or rearward of a seated user's hip joint, the compliant back further having .a
relatively stiff thoracic support section that pivots about the top connection at a pivot axis
located rearward of the thoracic support section, the pelvic and thoracic support sections
being connected for flexure in a lumbar area of a seated user's back; the compliant back
being constrained to flex consistent with the tdp and bottom pivots in 2 manner sympathetic
to the seated user's spine during flexure of the seated user's back.

82.  The chair back construction defined in claim 81 wherein the compliant back includes

a flexible lumbar support section interconnecting the lumbar and thoracic support sections.

83. A chair comprising:

- a base assembly; . . S . _ _

an inverted U-shaped back frame havmg an intermediate top section and a pa1r of
configured end sections pivoted to the base assembly, a T-shaped top connector protruding
from the top section and a pair of bottom. connectors in the configured end sections; |

a compliant back including a top recess cbnﬁgured to receive and frictionally engage
the top connector, and further including a belt bracket along a lower edge with opposing
ﬂanges that extend forwardly a distance for connection to the bottom connectors; and

a comnecting mechanism pivotally connecting the opposing flanges to the botom

connectors at a location proximate but somewhat rearwardly of a seated user's hip joint.

84.  The chair defined in claim 83 wherein the compliant back includes a flexible lumbar
section, and wherein the distance that the flanges extend forwardly is a few inches and is
about equal to a distance from a hip Jomt of a seated user to a lower spine bone of the seated

user, such that the comphant back, when flexed, flexes in a sympathetic manner mirroring a

seated user's spine.

85. A back construction for a chair comprising:

| a back frame;

a highly compliant back having a forwardly-protrudmg lumbar support section that is

movable rearwardly in a manner that mirrors flexure of a seated user's back;
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top and bottom connections pivotally connecting the compliant back to the back
frame; and

an adjustable torsional force-generating mechanism operably attached to one or both
of the compliant back and the back frame to bxas the lumbar sectlon forwardly for optimal

lumbar support for the seated user's back. N
86. The back construction defined in claim 85 wherein the torsional force-generating

mechanism is operably mounted at the bottom connection to the back frame and the
compliant back.

87.  The back construction defined in claim 86 wherein the coinpliant back includes a
relatively stiff thoracic support section and a relatively stiff pelvxc support section, which are

mterconnected by the lumbar support section.

88.  The back construction defined in claim 87 wherein the lumbar support section
comprises a flexible sheet of material.

89. The back_ construction defined in cla_im 86 wherein torsional force-generating
mechanism includes a spring and a handle, the handle being rotatable to wind and unwind to -
adjust a tension of the spring, the spring being operably connected between the compliant

back and the back frame to bias the lumbar support section of the compliant back toward a
forWardly convex shape. |

90. The back construction _deﬁned in claim 89 wherein the torsional force-generating

~ mechanism includes a lever to pfovide mechanical advantage when adjusting the tension of

the spring.

91. A chair comprising:

4 base assembly including a control housing having an energy source thérei_n_;
a back support operably interconnected to the energy source for movement between an
upright position and a reclined position, said baék supjaort including 2 back frame and a back

shell, said back shell comprising a resiliently flexible polymeric sheet shaped to support a
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back area of 2 seated adult user thereon, with a semi-rigid lower area disposed generally

_ behind at least a portion of the pelvic area of a seated adult user, a flexible central area -~
disposed above said lower area and generally behind at least a portion of the lumbar area of
the seated adult user, and a semi-rigid upper area disposed above said central area and
generally behind at least a portion of the thoracic area of the seated aduli usér; and -

said back frame having a first attachment coupling said upper area of said back shell

"to the back frame, and a plurality of pivotal second attachments for pivotally coupling said
lower area of the said back shelil to the back frame; the second attachments constraining
movement of the lower area to force flexure to occur in a controlled sympathetic manner in
the lumbar area in order to.assure continuous and comfortable support of the seated adult

user’s spine in the lumbar area during flexure of the seated adult user’s spine while seated.

92, The chair defined in claim 91 ‘wherein the back frame mcludes a first pivot wherein -~ |

the back frame is plvotally attached to the base asscmbly for movement of the back support
between the upright and reclined positions, with the first pivot axis approxxm_ately
coinciding with an axis defined by a hip joint of the seated adult user.

93,  The chair defined in claim 91 wherein the said central area comprises a plurality of

laterally spaced apart slots in said sheet extending generally horizontally across a portion of

" the central area of said back support, said slots terminating prior to the perirheter edge of

said sheet, whereby the said slots define a plurality of elongated horizontal resilient straps in
said central area, each of said straps being adapted and dimensioned so as to provide

resilient support for the seated adult user when sitting on the chair.

94.  The chair defined in claim 93 wherein the lower area of the back shell includes a
reinforcement having forward extending flanges pivotally coupled to the second attachments
of the back frame, said reinforcement and pivotal attachment providing movable firm

support for at least a portion of the pelvic area of the seated user.

95.  The chair defined in claim 91 wherein the pii/otal second attachments for pivotally
coupling said lower area of the said back shell to the back frame include a biasing device for
biasing the central area of the back shell in a forward direction. A " —

———
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96.  The chair defined in claim 95 wherein the said lower area of the said back shell -
includes forward extending flanges pivotally coupled to the second attachments of the back
frame and said bxasmg device includes a torsion spring operably interconnected to said
forward extending flanges. -' | —

97.  The chair defined in claim 96 wherein the said biasing device includes means for
adjusting the pretension on the torsion spring.

98.  The chair defined in claim 91 wherein the lower area of the back shell include
forward extending flanges forming an axis of rotation at the pivotal second attachments of -

the back frame, said axis of rotation being located at or rearward of a rear of the seated

_ adult user’s pelvic bone so that when the seated adult user flexes their lower back

rearwardly, the lower portion of the back shell moves downwardly and rearwardly, and the
central portion of the back shell flexes generally rearwardly ‘to form a more planar

arrangement with the lower portion.
99 The chair defined in claim 91 wherein the said back frame defines a curvilinear arch.

100. The chair defined in claim 91 wherein the said back frame comprises an internal

metal reinforcement encased in a resilient polymeric covering.

101.  The chair defined in claim 91 including a seat operably mounted on the base

assembly, the seat forming a link interconnecting the back suf)pon to the energy source.

102. - A chair comprising: _ N
‘ _a base assembly including a control housing having an energy source theréin; and

- a back assembly movably suﬁported on the back assembly and including a back
support operably interconnected to the energy source, said béck support including a back
frame and a back shell, said back shell coxhprising a resiliently flexible polypropylene sheet

shaped to support a back area of a seated adult user thereon, with a lower area disposed

. generally behind at least a portion of the pelvic area of a seated adult user, a central area
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disposed above said lower area and generally behind at least a portion of the lumbar area of
the seated adult usér, and an upper area disposed above said central area and generally |
behind at least a portion of the thoracic area of the seated adult user; a cushion on a forward
face of the back shell; and a vertically adjustable lumbar support located in front of the back
shell, the lumbar support being movably supported on the back support and configured for
vertical adjustment to change a shape of a front surface of the back in the lumbar area of the
seated user, said support including laterally extending handles constructed to engage and
track with a configured perimeter edge of the back shell and constructed to slidably engage

the vertically adjustable lumbar support to permn the handles to adjust in and out to foliow
the perimeter edge

N
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103. A chair comprising: _

a base assembly mcludmg a control housing having opposing flanges with upper'
edges and lubricous caps attached to the upper edges of the control housing, the Iubricous
caps including upper surfaces defining tracks for slidably engaging a slide member;

a back frame pivoted to the base assembly at a back pivot for movement between
upright and reclined posmons and

seat support structure operably supported on the base aSsembly and the back frame
including a slide member slidably engaging the cpntrol housing for geherally horizontal

sliding movement and including a seat carrier pivoted to the slide member at a front seat

- pivot and also pivoted to the back frame at a rear seat pivot.

104. The chair defined in claim 103 1nclud1ng a seat shell attached. to the seat support

. structure, the seat shell including a rear. section conﬁgured to comfortably support thighs of a -

typlcal seated adult user, a front section conﬁgurcd to support buttocks of the seated adult user

and to comfortably support a majonty of the welght of the seated adult user, and a flexible zone
connecting the rear section and the front section.

105. The chair defined in claim 104 including a gas spring extending between the seat
support structure and the front section, the gas spring being a releasable self-locking type
device.

106. The chair defined in claim 105 including a bent rod axle pivoted to the seat support
structure and the front section and opefably connected to the gas spring.

107. The chair defined in claim 104 mcludmg a leaf spring operably suppomng the front
section on the seat support structure.

108. The chair defined in claim 1'03 including a spring mechanism positioned in the '

control housing, the spring mechanism being operably' connected to the slide member.

109. The chair defined in claim 108 wherein the spring mechanism includes a spring

positioned transversely in the cqntrol_ hoﬁsing, and further includes a lever operably pivoted
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to the control housing, the lever having one end operably engaging the spring and another
end operably engaging the seat support structure. .
110. A chair comprising::

a base assembly including a control housing; S

a back frame pivoted to the base assembly at a back pivot for movement between
upright and reclined positions;

seat support structure operably supported on the base assembly and the back frame
including a slide member slidably engaging the control housing for generally horizontal
sliding movement and including a seat carrier pivoted to the slide member at a front seat.
pivot and also pivoted to the back frame at a rear seat pivot;

a spring mechanism position in the coniml housing, the spring mechanism beiﬁg
operably connected to the slide member and mcludmg a spring posmoned transversely in the

_ control housing, and further mcludmg a lever operably pivoted to the control housmg, the lever

havmg one end operably engaging the spring and another end operably engaging the seat
support structure; and -

a pivot member, the pivot member and the lever having interfacing surfaces, at least
one of which is curvilinear so that the arrangement operates like a rack-and-pinion, the pivot
member being adjustable to vary a fulcrum point on the lever to adjust a length of a moment -

arm over which the spring acts to.

111.. The chair defined in.claim 103 including a back stop positioned in the: control

housing, the back stop being configured to engage the seat support structure to limit recline
of the back frame.

- 112.  The chair defined in claim 111 wherein the back stop includes a cam pivoted to the

control housing for rotation about a vertical axis, the cam including a plurality of steps that

can be selectively positioned to'engage the seat support structure.

113. A chair comprising: o - —_—
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a back frame pivoted to the base assembly at a back pivot for movement between
upright and reclined positions; . '
" seat support structire operably supported on the base assembly and the back frame
including a slide member slidably engaging the control housing for generally horizontal sliding
movement and including a seat carrier pivoted to the slide member at a front seat pivot and also
pivoted to the back frame at a rear seat pivot; and
a seat- shell slidably supported on the seat support structure for selective depth

adjustment, whereby a depth of the seat shell can be selectively adjusted relative to the back
frame.

114. A chair comprising:

a base assembly including a control housing with sidewalls defining a track;

" a seat having a front pomon with bearings slidably engaging the track and havmg a
rear pomon the seat including a seat shell havmg a flexibly supported front pomon

a back pivoted to the base assembly and separately pivoted to the seat for movement
between an upright position and a reclined position, the rear portion of the seat being pivoted to
the back so that the seat moves forwardly and the seat rear portion moves forwardly and
downwardly with a synchronous motion as the back is reclined;

a spring mechanism poSitioned in the central housing and operably connected to the seat
for biasing the seat rearwardly, the spring mechanism including an extendable/compressible
spring positioned in the control housing and a lever pivoted to the control housing and defining
a moment arm with the spring for transrmttmg energy from the spring to the seat to bias the
back to the upright pos1t10n and _

a gas spring operably connected betweenthe front portion of the shell and a
remaining portion of the seat adapted to carry the weight of a typical seated adult user, the
gas spring being operable to adjust. a position of the front portion relative .to the remaining
portion of the seat. ' |

_' 115.  The chair defined in claim 114 wherein the gas spring is self-locking and releasable.
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116. ‘The chair defined in claim 115 including a control connected to the seat and
including a link operably connected to the gas spring for releasing the gas spring for’

adjustment.

117. A chair comprising:

a base assembly including a control housing with sidewalls defining a trac_k;

a seat having a front portion with bearings slidably engaging the track and having a
rear portion, the seat including a seat shell having a flexibly supported front portion;

a back pivoted to the base assembly and separately pivoted to the seat for movement

‘between an upright position and a reclined position, the rear portion of the seat being

pivoted to the back so that the seat moves forwardly and the seat rear portion moves

forwardly and downwardly with a synchronous motion as the back is reclined;

_ - a'spring mechanism positioned in the central housmg and operabiy c_':oﬂnected'.to t_he_..;.s_eat .
 for biasing the seat rearwardly, the spring mechanism 'including an exteﬁdéble/compreséible

spring positioned in the control housing and a lever pivoted to the control housing and defining
a moment arm with the spring for transmitting energy from the spring to the seat to bias the
back to the upright position; and '

a leaf spring positioned between and remhently-supportmg t.he front section and a

remaining portion of the seat.

118. A chair comprising: _
a base assembly including a control housing with sidewalls defining a track;

a seat having a front porti'on'with bearings slidably engaging the track and having a rear

portion, the seat including a seat shell and a depth-adjustment structure for adjusting a depth of .

the seat shell relative to the back;

a back pivoted to the base éssembly and separately pivoted to the seat for movement
between an upright position and a reclined position, the rear portion of the seat being
pivoted to the back so that the seat moves forwardly and the seat rear portion moves
forwardly and downwardly with a synchronous motion as the back is reclined; and

a spring mechanism pbsiﬁdﬂed in the c;ént'ral housing and operably connected to the
seat for Dbiasing the seat rearwardly, ihe .spring mechanism including an

extendable/compressible spring positioned in the control housing and a lever pivoted to the
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control housing and defining 2 moment arm with the spring for transmitting energy from the
spring to the seat to bias the back to the upright position. -
119. The chair defined in claim 118 wherein the seat includes a seat carrier for suppomng
the seat shell and linear bearings for slidably engagmg the shell on the seat carrier,

120. The chair defined in claim 119 including a latch operably extending between the seat
carrier and the shell for holding the shell in a selected depth position. -

 121.  The chair defined in claim 120 including a control connected to the seat for operating.
the latch. ' | ' | '

- 122. A chair comprising:
-a base -assenibly including a control housing;
a reclineable back frame pivoted to the base assembly for movement between upright
and fully reclined poéitions; _
a seat slidably supported on the control housing and pivotally supported on the back
frame; and . '

. a variable back-stop mechanism operably supported on the base assembly for engaging
th_e seat to stop the seat and coxicurrently stop recline of the baék at selected positions prior to
reaching the fully reclined position, the variable back-stop mechanism including a seat-engaging
member and an actuator lever for adjustably moving the seat-engaging member, the seat-:

‘engaging member and :the lever including intermeshing teeth for providing slip-free
engagement. |

123,  The chair defined in claim 122 wherein the seat-engaging member includes a

movable cam with steps shaped to selectively engage the seat.

124.  The chair defined in claim 123 wherein the variable back-stop mechanism includes a
spring detent for holding the cam in a selected stoppmg position where a pamcular one of
the steps is posmoned to engage the seat.
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125. The chalr defined in claim 124 including an actator connected to the cam for
rotating the cam to select the particular one step. o

126. A chair comprising:

a base assembly including a control housing;

a reclineable back ﬁame pivoted to the base assembly for movement between upright
and fully reclined positions; ' |

a seat slidably supported on the control housing and pivotally. supported on the back
frame; |

a variable back-stop mechanism operably supported on the base assembly for

engaging the seat to stop the seat and concurrently stop recline of the back at selected

positions prior to reaching the fully reclined position;

_ the variable "back-stop mechamsm including a. movable cam . with steps’ shaped to.,
selectwely engage the seat, and further including a spring detent for holding the cam in a
selected stopping position where a particular one of the steps is positioned to engage the
seat; and ' '

an actuator connected to the cam for rotating the cam to select the particular one step,

the actuator including a lever pivoted to the control housing, the lever and the cam including
intermeshing tecth. " '

127. ‘The chair defined in claim 126 wherein the actuator includes a rotataﬁle handle
operably connected to the lever.

128. The chair defined in claim 127 wherein the actuator includes a rod connectixig the

handle o the lever.

129. The chair defined in claim 127 whgrein the handle includes a radially-extending
protrusion, and is connected to the lever by a pivot/slide joint that permits the handle to
rotate about a first axis and permits the lever to rotate about a second axis that is skewed and

non-parallel the first axis, with the handle driving rotation of the lever without binding.

130. A chair comprising: . o ' This Sheet Has Been Replaced
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a base assembly including a control housing; )

a reclineable back frame pivoted to the base assembly for movement between upright °
and fully reclined positions;
a seat slidably suppdrted on the control housing and pivotally supported on the back frame;
and - |

* a variable back-stop ‘mechanism operably supported on the base assembly for engaging

the seat to stop-the seat and concurrently stop recline of the back at selected positions prior to
reaching the fully reclined position, the variable back-stop mechanism including a movable cam
with steps shaped to selectively engage the seat; the cam further including an undulated surface
adapted to engage a detent for selectively holding the steps in position to engage the seat, and

. still further including teeth adapted 10 engage mating teeth on an actuator for operating the cam.

131. A seat conmstruction for a chair compnsmg

a resmently-ﬂemble seat shell nmludmg a front secnon conﬁgured to comfortably
support thighs of a typical seated adult user, a rear section configured to comfortably support
buttocks of a seated adult user and to comfortabiy support a majority of the weight of the seated
adult user, and a flexible intermediate section connecting the front and rear sections, the front
section being located about midway or forward therefrom on the seat shell and genérally
forward of the expected location of a seated aduit user's hip joint so that the seated adult user's
weight is substantially carried by the rear section for most adult users; '

a seat cushion supported on the seat shell;

a pan-shaped seat carrier supportmg the rear secnon of the shell, the seat carrier
including a forwardly-extending section extending under the flexible intermediate section
and that is characteristically spaced below and not connected to the flexible intermediate .
section; and - ' |

an adjustable thigh-flex support mechanism opefably supporting the front section of the
seat shell on the forwardly-extending séction of the seat carﬁer, so that the front section is
adjustable relative to the rear section to provide optimal thigh pressure and support to the seated
adult user, the adjustable thlgh-ﬂex support mechamsm including a pretensioned, transverse
leaf spring. '
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a resiliently-flexible seat shell including a front section configured to comfortably
support thighs of a typical seated adult user, a rear section configured to comfortably support
buttocks of a seated adult user and to comfortably support a majority of the weight of the seated
adult user, and a flexible intermediate section connecting the front and rear- sections, the front

section being located about midway or forward therefrom on the seat shell and generally
forward of the expected location of a seated adult user's hip joint so that the seated adult user's
‘weight is substantially carried by the rear section for most adult users;

a seat cushion supported on the seat shell; -

a pan-shaped seat carrier supporting the rear section of the shell, the seat carrier
including a forwardly-extending section extending under the flexible intermediate section
and that is characteristically'spaced beiow and not connected to the flexible intermediate
section; and ' _ ' |

~ am adjustable thigh-flex support mechanism operably supporting the. frorit Se_bctio;i of
the séat shell on the forwardly»exténding section of the seat carr'ier; so that the front section
is adjustable relative to the rear section to provide optimal thigh pressure and support to the
seated adult user, the adjustable tiﬂgh-ﬂex support mechanism including a bent rod axle and

a releasable, lockable gas spring for rotating the bent rod axle and thereafter holding the
bent rod axle in a selected orientation. -

133. A seat construction coniprising: _

a flexible seat shell including a front section configured to support thighs of a typical
seated adult user, a rear section configured to comfortably support thighs of the seated adult
user and to comfortably support a majérity of the weight of the seated adult user, and a flexible
intermediate section; .

a T-shaped seat support pan havmg a bottom panel defining a full-width rear section
and a pamal-wxdth_ front section that has a w1dth less than the full-width’ rear section and that
extends forwardly from a center of the rear section, the full-width rear section being
configured to support the rear section of the fshell' with the partial-width front section
extending under and spaced below the front sé;tion; and -

an édjustable thigh-éupport mechanism adjﬁstably connecting and supporting the
front section on the partial-width front section. -  ——
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134. The seat construction defined in claim 133 wherein the adjustable thigh-support
mechanism includes a pretensioned transverse leaf spring. _ -

135. The seat construction defined 1n claim 134 wherein the adjustable thigh-support
mechanism includes a bent rod axle and a releasable lockable gas spring for rotating the bent
rod axle and thereafter holding the bent rod axle in a selected orientation.

136. In a chair having a reclineable back and a movable seat operably supported for
synchronous movement with the back, an improvement comprising:

a seat carrier having a T-shaped body including front and rear sections and including .

a linear bearing positioned on each side of the front section and each side of the rear section;
the seat carrier mcludmg pivots adapted to pivotally mount the seat carrier to a
support for movably supportmg the movable seat relative to the rechneable back; _
a pan-shaped seat frame constructed to support a seat cushion and a seated user, the :
seat frame including a bottom panel with flat surfaces slidably engaging associated ones of

the linear bearings, whereby the seat frame is depth-adjustable on the seat carrier.

137. The chair defined in claun 136 wherein one of the seat carrier and the seat frame
including a series of notches extendlng in a fore/aft du'ectwn and the other one of the seat

carrier and the seat frame include a latch for selectively engaging the notches.

138. The chair defined in claim 137 wherein seat carner includes upwardly formed stop
tabs, and including a top-mounted stop limiter attached to the seat frame, the stop limiter
havmg a protrusmn that extends downwardly through the seat frame and that is shaped to

engage the stop tabs to define a maximum depth position and a minimum depth position of

. the seat frame on the seat carrier.

139. The chair defined in claim 136 wherein the seat frame includes flanges capturing at
least two of the bearings to prevent the seat frame from being lifted vertically off of the seat
carrier. ' h ' '
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a base assembly including a control housing having at least one up flange and a
lubricous bearing supported atop each up flange; .

a back frame pivoted to the base assembly at a back pivot for movement between
upright and reclined positions; and -

seat support structure operably supported on the base assembly and the back frame |
including a slide member slidably engaging the lubricous bearing of each up flange for
generally horizontal sliding movement and including a seat carrier pivoted to the slide

member at a front seat pivot and also pivoted to the back frame at a rear seat pivot.

141. . The chair defined in claim 140 wherein the at least one up flange includes two
parallel side ﬂanges on the control housing.

: _-_142 The chair deflncd in claim 141 wherein the lubricious bearmgs each compnses _' o ._ o

polymenc mcmbers attached to a top edge of the side flanges.

143.  The chair defined in claim 140 wherein the base assembly includes a base frame that |

includes the housing, and further includes side arms that support the back frame at the back
pivot. k ’

144. The chair defined in claim 103 where in the base assembly includes a base frame that

includes the housing, and further includes side arms that support the back frame at the back
pivot. |

145.  The chair defined in claim 110 wherein the base assembly includes a base frame that

includes the housing, and further includes side arms that snpport the back frame at the back
pivot. ' |

146. The chair defined in claim 113 wherein the base assembly includes a base frame that

includes the housing, and further includes s1de arms that support the back frame at the back
pivot. '
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147. A chair comprising: _
a base assembly including opposing side arms; -
a back frame having configured end sections pivoted to the side arms at back pivots
for rotation about a back-tilt axis; _
a seat pivoted to the configured end sections at seat pivots for rotation about a seat-
tilt axis; and | o |
at least one of the back pivots and the seat pivots including a rotatable bearing
element and a support element flexibly supporting the bearing element for rdtaﬁonal
movement misaligned with the tilt axis associated with the at least one pivot so that the

bearing element. rotates about the stud without binding even when the stud is misaligned w1th -
the associated ult axis. '

148. The chair . defined in claim 147 wherein the support element includes resilient .
material. '

149. The chair defined in claim 148 wherein the support element includes rubber.

150. The chair defined in claim 147 wherein the back pivots include first studs fixed to
the opposing side arms that extend inwardly.

151.  The chair defined in claim 150 wherein the seat pivots include second studs fixed to
the opposing sides of the seat that extend outwardly.

152.  The chair defined in claim 151 wherein the first studs are welded in place, and
wherein the configured end sections define pockets for receiving the first studs at the back
pivots and second studs at the seat pivots.

153. The chair defined in claim 152 wherein the second studs are welded in place, and
wherein the back frame is resiliently flexible for flexing to permit the configured end

sections to be positioned on on the first and second studs.

154.  he chair defined in claim 153 wherein the pockets are frustoconically shapg:d.-
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155. The chair defined in claim 154 wherein the back pivots and seat pivots each include
one of the rotatable bearing elements and one of the rubber elements.

156. The chair déﬁned in claim 147 wherein the configured end sections each include a
first flange forming a pocket for mateably receiving the rubber element. :

'157.  The chair defined in claim 156 wherein the first flanges are extruded along the back-

tilt axis.

158.  The chair defined in claim 157 wherein the pocket is frustoconically shaped and the
rubber element is shaped to mateably engage the pocket.

159. ‘The chair defined in claim 147 wherein the configured end sections on each side of

the seat are positioned between and closely adjacent associated ones of the side arms and the

. sides of the seat.

160. A chair comprising:

a base assembly including'side arms; '

a back frame having configured end sections pivoted to the side arms at back pivots
for rotation about a back-tilt axis, the back frame being flexible enough to permit the _
configured ends to be flexed apart dunng assembly, the conﬁgured end sections and the side
arms having adJacent faces, one of which has a recess therem;_ and

a bearing arrangement at each back pivot pivotally connecting the side arms to the
respective configured eﬁd sections, the bearing arraﬂgement including a stud that extends
into the recess, and a bearing rotatably engaging the stud, the bearing being removable from
the recess but held therein in part by the proximity of the adjacent faces.

161. The chair defined in claim 160 wherein the bearing includes a bearing element
rotatably engaging-thg stud and a feéilient element ﬂexibly supporting the bearing element so
that the bearing element is sélf-adjusting to align with the stud to prevent binding during
rotation of the back frame about the back-tilt axis. T T e
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162. The chair defined in claim 161 wherein the recess defines a frustoconically-shaped
pocket, and wherein the bearing is configured to mateably engage the pocket. |

163. A method of assembling a chair comprising steps of:

providing a chair component with laterally-extending oppositely-facing protrusions;

providing a back frame with-configured end sections having recesses therein;

flexing the configured end sections of the back frame and simultaneously positioning
the recesses of the configured end sections on the protrusions; and

releasing the back frame so that the back frame resiliently returns to an original
shape which holds the back frame in place and pivotally connects the back frame to the chair

component.

164. - The method defined in claim 163 wherein the chair component comprises a seat, and

including providing a base assembly with side arms, and further including flexing the
configured end sections to position the configured end sections between side portions of the .
seat and the side arms of the base assembly.

165. The method defined in claim 164 wherein the side arms include oppositely facing
second protrusions, and wherein the configured end sections include second recesses, and

including positioning the second recesses on the second protrusions.

166. The method defined in claim 165 wherein the first mentioned protrusions and the

second protrusions on each respective side of the chair face in opposite directions.

167. The chair defined in'claim 147 wherein the base assembly includes a base frame
comprising a housing, with the opposing side arms extending laterally and upwardly from
the housing. ' ' '

"168. The chair defined in claim 160 wherein the base assembly includes a base frame

comprising a housing, with the opposing side arms extending laterally and upwardly from
the housing.
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169. The method defined in claim 164 wherein the base assembly includes a base frame. -
cbmpnsmg a housing, with the opposing side arms extending laterally and upwardly from
the housing, and including positioning the configured end sections inside an upper end of the -
side arms but generally outside and above the housing.
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spring to the one of the seat and the back frame. . e

170. A chair comprising: _ _

a base assembly for supporting the chair on a ﬂoor_ surface while a seated user is
performing tasks;

a back frame pivoted to the base assembly at a back pivot for movement between a
plurality of working positions including upright and reclined working posmons and

a seat pivoted to the back frame at a seat pivot spaced rearwardly and below the back
pivot, the seat being slidably supported at a front portion of the base assembly for horizontal
movement, the back pivot and the seat pivot being interconnected and arranged to move the
seat generally forwardly and also move a rear portion of the seat downwardly with a-
synchronous pivoting motion as the back frame is reclined, whereby a _seated user. is
comfortably supported in tﬁe upright and reclined working positions, and whereby the seated
user is able to continue working while moving between the upright and reclined working

positions without constantly having to move and adjust the base assembly back and forth
relative to a stationary worksurface. ' |

171. The chair defined in claim 170 wherein the base assembly includes a control housing
with an energy mechanism positioned therein that operably engages one of the back frame

and the seat for biasing the back frame to the upright position.

172. The chair defined in claim 171 wherein the base assembly includes side arms that

extend upwardly generally adjacent the seat for supporting the back frame and a portion of
the seat.

173. The chair defined in claim 172 wherein the back frame is pivoted to the side arms.

174. The chair defined in claim 173 v@herein_the seat is pivoted to the back frame in a
location generally proxilhate the side arms.

175. The chair defined in claim 174 wherein the energy mechanism includes a spring

positioned transversely in the control housing, and includes a lever operably connecting the
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176. ‘The chair defined in claim 175 including an adjustment mechanism for adjusting the
lever to vary a biasing force transmitted from the spring to the seat, the adjustment mechanism
including the lever and deﬁnihg an adjustable moment arm on the lever for adjustably biasing

the back frame toward the upright position.

177.  The chair defined in claim 171 including a spring positioned transversely within the

" control housing, and further including a lever operably connecting the spring to one of the

seat and the back frame.

178. The chair defined in claim 177 wherein the lever is pivotable about a vertical axis -
with a first end engaging the spring and a second end operably connected to the seat for
biasing the seat rearwardly and in turn biasing the back frame to the upright position.

179, The chair defined in claim 171 wherein the control housing includes opposing side

. flanges, and the seat includes bearings slidably engaging the side flanges.

180. The chair defined in claim 171 wherein the seat includes a seat slide member that
slidably engages the control housing, and further includes a seat support carrier pivotally

engaging the seat slide at first pivots and pivotally engaging the back frame at second pivots.

181. The chair defined in claim 180 wherein the seat includes a flexible seat shell having
a rear section adapted to support buttocks of a seated adult user, and further includes a front
section adapted to support thighs of the seated adult user and that is flexibly connected to the

rear section, the rear section being carried and supported by the seat support carrier.

182. The chair defined in claim 170 wherein ‘the seat includes a seat support carrier
slidably connected to the base assembly and pivotally- connected to the back frame, and

further includes a seat shell sl_idably'supported on the seat support carrier for manually-

| adjustable depth adjustment.
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183. The chair defined in claim 171 including a back-stop mechanism attached to the
control housing and configured to selectively engage the seat to limit forward movement of
the seat and accordingly selectively limit recline of the back frame.

184. The chair defined in claim 170 including a compliant back assembly attached to the
back frame in at least two vertically-spaced locations, the compliant back assembly being
constructed to flex between the at least two vertically-spaced locations to provide optimal
lumbar support. '

185. The chair defined in claim 184 wherein the compliant back assembly includes a
resiliently flexible, one piece shell.

186. The chair defined in claim 184 wherein the compliant back assembly. inchide_g a
- multi-piece assembly of components, each having a surface for supporting a portion of a

human's back.

187. A chair comprising:

a mobile base assembly;

a back pivoted to the base assembly for movement between upright and reclined
positions; _
a seat operably supported on the base assembly and connected to the back for movement
between a substantially rearward working position and a forward working position;

" the seat including a front pbﬁion that is slidably connected to the base assembly to
move horizontally forwardly upon recline of the back so that a seated user's legs are not
undesirably lifted from a floor surface during recline; and

the seat further including,_a rear _porﬁon-ﬂeﬁbly connected to the front portion and

that is operably connected to the back to move downwardiy and forwardly upon recline so

that the seated user is comfortably and posturally supported during recline with an angular . '

synchronous movement of the seat and the back, and so that a maximum forward movement
of the seat and maximum angular movement of the back are limited to strokes that keep the

hands of a seated user relatively constant during recline, whereby the seated user can easily

and comfortably continue to work in all seated positions.
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188. The chair defined in claim 187 wherein the base assembly includes a control housing

having an energy mechanism therein for biasing the back toward the upright position.

189. The chair defined in claim 188 wherein the base assembly includes side arms that.
pivotally support the back at a location generally aligned with the seated user.

190. The chair defined in claim 187 including a spring mechanism positioned transversely
in the control housing, and further including a lever pivotally engaging the spring
mechanism and operably connected to the seat for biasing the seat toward the’ rearWard '

working position and simultaneously biasing the back toward the upright position.

191, "The chalr defined in claim 190 including a spring resmently suppomng the-front secuon K

for flexural movement to provide increased comfort for the seated user.

192. The chair deﬁned in claim 191 Whérein the seat further includes a releasable lockable

| gas spring operably adjustably supporting the front section for ad_;ustable movement to

provide adjustable comfort to the seated user.

193. The chair defined in claim 190 wherein the control housing includes side arms, and

wherein the seat includes bearings that slidably engage the side arms.

194. The chair defined in claim 189 wherein the rear portion is configured to support the
buttocks of an adult seated user and a majority of the adult seated user” s weight, and the
front portion is configured to flexibly and comfortably support the thighs of the adult seated
user without lifting the legs of the adult seated user during recline of the back.

195. The chair defined in claim 189 whefein the seat includes a seat support carrier
slidably supported on the base assembly and pivotally engagmg the back, and further
includes a seat shell that is manually depth ad_]ustable on the seat support carrier.

196. A chair comprising: cet Has Been Replaced
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a base assembly including side arms;

a back frame pivoted to the base assembly at back pivots for movement between.d
phirahty of working positiéns including upright and reclined working positions; and

a seat pivoted to the back frame at seat plvots and slidably supported at a front pomon
of the base frame, the back frame including right and left configured end sections posmoned on
opposite sides of the seat and between the sides of the seat and associated ones of the side arms,
the configured end sections supporting first pivot bearings at the seat pivots and second pivot
bearings at the back pivots, whereby the seated user is able to continue working while moving
between the upright and reclined working positions.

197. A chair comprising: _

a mobile spider—legge& base assembly including a control housing and upwardly-
extending side arms; , ' o
' an inverted U-shaped back frame having couﬁgured end sections posmoned adjacent
associated ones of the side arms and pivoted thereto at back pivots, the back pivots each
comprising a first stud and a rotatable first bearing engaging the first stud;

a seat slidably supported ozi the control housing, the seat including a seat carrier
pivoted to the configured end sections at seat pivots, the seat pivots each comprising a
second stud and a rotatable second bearing engaging the second stud, the seat pivots and
back pivots being spaced apart; and ‘

an adjustable energy mechanism including a transverse spring, a lever operably
engaging the spring and the seat for biasing the seat toward a reafward position and in turn
biésing' the back frame toward an @prighf pdsiﬁon, and an adjustment pivot member
adjustably engaging the lever to define a fulcrum that moves during recline and that is

manually adjﬁstably changeable to relocate the fulcrum for adjustably controlling a force of
the spring on the seat.

198. A base assembly comprising:
a control housing including a bottom, opposing side flanges, and a front flange

defining a. compartment for receiving an éncrgy. mechanism, a rear flange of the housing

defining a transverse channel;
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a rigid upright structure including a transverse tubular section mateably engaging the
transverse channel and welded thereto; and including upright rigid arms extending from ends
of the transverse tubular section that define seat pivots on an inboard side and back pivots on
an outboard side, the seat plvots and back pwots being adapted to pwotally support a seat
and a back, respectively; and

a reinforcement extending transversely and welded to the transverse tubular section

" and the bottom for reinforcing the tubular section, the reinforcement and the bottom

including vertically aligned holes adapted to receive a vertically adjustable center post on a
chair base.

199. The base assembly defined in claim 198 wherein the side flanges of the control
housing include linear bearings adapted to slidably support the seat.

' 200. The chair defined in claim 181 wherein the seat further includes a spring resiliently

supporting right. and left sides of the front section for independent flexural movement to

 provide increased comfort for the seated user.

201. The chair defined in claim 181 wherein the seat further includes a releasable lockable
gas spring operably adjustably supporting the front section for adjustable ‘movement to
provide adjustable comfort to the seated user. |

202. A chair comprising:
a base assembly including a control housing;
an energy source located within the control housing;

a seat operably supported' on the base assembly for generally horizontal movement

" between forward and rearward positions, with the seat operably interconnected to said -

€nergy Source; .

a back support including a back shell and a back frame supporting the back shell,
wherein the back frame includes a first pivot wherein the back frame is pivotally coupled to
the base assembly fbr movement of the back support between upright and reclined positions,

and a second pivot wherein the back frame is pivdtally coupled to the seat; and
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wherein the stored energy source biases the back support into an upright position by
urging the seat rearward, said rearward movement of the seat inducing the back support fo
rotate to a generally upright position at the first pivot.

203. The chair defined in claim 202 wherein the first pivot axis. approxlmately coincides
with an axis through a hip jomt of a seated adult user.

204. The chair defined in claim 202 wherein the seat comprises a seat front slide adapted
to slide forward and rearward on the control housing, a seat carrier pivotally interconnected
to said control housing and said front slide, a seat frame in sliding engagement with said seat

carrier, and a seat shell adapted to support buttocks and thlghs of a seated adult user.

205. The chair defined in claim 204 wherein the seat shell includes a rear section
configured to support the buttocks of the seated adult user and to support' a majority of the
seated adult user’s weight, and further includes a front section adapted to support the thighs
of a seated adult user, and still further includes a flexible zone connecting the rear section
and the front section, and including an adjustment device connected to the fr_bnt section and
configured to angularly adjust the front section of the seat shell relative to the rear section,

wherein the adjustment device is attached to an underside of the front section of the seat
shell. |

206. The chair defined in claim 202 including 2 variable back-stop mechanism supported

on the base assembly and operably eﬁ'ga'ging'the seat, the variable backstop mechanism being

configured to concurrently stop the seat and stop recline of the back support at a plurality of
selectable positions between the upnght and reclined position.

207. A chair éomprising:

a base assembly including a control housing;

an energy source located within the control housing;

a seat operably -support'ed on'the base assembly for generally horizontal movement
bet\-ween forward and rearward positions, with the seat being operably interconnected to said

energy source, the seat including a seat shell having a rear section adapted to support
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~ -buttocks of a seated adult user and a front section adapted to support thighs of the seated
adult user; and - |
a back support including a back shell and a back frame supporting the back shell, the
- back frame including a first pivot wherein the back frame is. pivotally coupled to the base
assembly, and a second pivot point wherein the back frame 1s pivotally coupled to the seat.:
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